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GENERAL INTRODUCTION 
The art and science of blood typing man and his dowestiO animals is one 
of the facets of the relatively new subject of immunology. Immunology is by 
no means a compact subject and its influence and techniques intrude upon many 
sciences. The one common denominator in all its departments is the utilisa-
tion of the ability of mammals to manufacture specific forms of globulins, 
called antibodies, in response to the penetration of antigens into their 
body fluids and tissues. An antigen is defined as any substance, which can 
specifically react with, or induce the formation of antibodies. Thus, by 
definition, these two groups are complementary to each other. 
The therapeutic value of immunisation has been known since the classical 
work of Pasteur, Koch and their students in the second half of the nineteenth 
century. Pfeiffer (1894-5) demonstrated that cholera vibxs were killed, 
when introduced into the peritoneal cavity of guinea-pigs, that had been 
injected with cultures of dead bacteria. A few years earlier von Behring and 
Kitasato (1890)  found that the sera of animals immunised with tetanus toxin 
were able to neutralise the toxin in vitro. 
The discovery, that the sera of immunised animals contained such specific 
substances, proved to be a great advance since it was then possible to study 
the reactions of antisera, that -is sera containing antibodies, In a test-tube. 
Accompanying this expansion of the subject came the discovery that antibodies 
could be induced in an animal against many foreign substances, particularly 
proteins and conjugated proteins, which were not toxic to the immunised 
animal • Thus the defensive mechanism of InTnals, which was known to work 
so efficiently against natural invasions of pathogenic organisms, was found to 
work equallyw eli against harmless antigenic material which was injeoted into 
them. 
However the production of antibodies is not an unqualified blessing to 
man. Every year large numbers of the population are affected with some form 
of allergic disease which is, in most eases, suspected of being due to oel].u-
lar damage produced by the reaction of cell-bound antibody with the antigen 
which has stimulated it. It has also been found that grafts cannot be made 
between animals of different genotypes, since the graft carries different cell 
surface proteins from those of the host and is attacked in the same manner as 
all foreign material. If the antibody producing cells of the host are killed 
by irradiation, grafts of spleen or bone marrow calls will survive and multi-
ply. However these tissues will themselves produce antibodies against the 
host tissue and Will eventually kill the animal by progressive destruction of 
the host cells. The study of immunological tolerance and phenomena, which 
produce an inhibition of antibody response, may be of great value in combat-
ing these undesirable and dangerous forms of response to antigenio stimulus. 
Land.steiner (1945)  put the specificity of the antibody-antigen complex 
on a firm chemical basis. By conjugating smell, easily identified organic 
molecules on to serum proteins, to form aso-proteins, he was able to produce 
antibodies to these organic molecules. Using this method, it was possible to 
produce antibodies, which were specific for the stereoleomers of tartaric acid 
and he also found that the spacial arrangement of acid radicals on the b.nsene 
ring was important in governing specifidity. The length of the carbon chain 
was not so important. Immune sera against the lower acids of an aliphatic 
series were specific, but the sera egainat the higher acids gave strong cross 
reactions with acids of similar chain length. Thus it seems that the unit 
combining site on the antibody and antigen need not necessarily be larger 
than the terminal amino acid. group. 
Izwnuno&enetios and Blood Grouping 
Genetics has also gained from the use of immunology. With immunological 
techniques, antigenic markers of the germ plasm can be detected and their 
inheritance studied. As a genetical tool it is more favoured than most, since 
it is believed that, there are few intermediate steps between the gene and 
its antigeziio expression and the opportunities for environmental interference 
is thereby mjri(mjaed.. 
No better material exists for this type of study than the mammalian red 
cell • It is easily obtained from any animal without more than inconvenience 
on the animal's part. The cells can be stored without deterioration for 
many days, or weeks and can be prepared as homogeneous suspensions. The 
actual addition of a homologous antibody can be easily detected by either the 
clumping of the cells (agglutination) or their lysia (heinolysis). The latter 
occurs in the presence of antibody and hemolytic complement, which is a 
complex of naturally occurring, heat-labile, protein found in the sex's of 
some animals. 
The importance of blood grouping work became apparent at an a arly stage, 
not only in connection with classiosl genetics but also with the practical 
applications of blood transfusion. Vftth in a few years of von Bebring' a work 
on cholera vibrios the fundamentl principles of the subject were laid down. 
In 1898 Bordet published his finding that hemolytic antibodies were 
produced, when the blood of animals from one species was injected into *ar1mala 
of another species. These hemolysine were found to be specific for the 
donor qpeoies. 
In 1900  Erhlic..h and Korgenroth produced their results on the iso-
immunisation of goats and were able to demonstrate individual differences 
between animals using a hsmoiytio technique. 
In the same year and in the following, Landateiner published his classi-
cal work on the naturally occurring, agglutinating antibodies in the serum of 
man, These antisera enabled him to classify human red cells into the groups 
As  B and what was later to be called 0. Group A people were found to have 
antibodies for group B red cells. Persons with group B cells had also A 
antibodies, and the remainder of the population, group 0, had both forms of 
antibody but neither A nor B antigens on their erythrocytes. 
These papers laid the foundation fbr all later work. However, Land-
steiner's results had a much greater influence over the thinking of the next 
three decades than those of Bordet, Erhlioh and Morgenroth which appeared to 
have less practical importance. A search was made for naturally occurring 
antibodies, which could agglutinate red cells, but little was done to follow 
up the pioneering work of Bordet, and Erhlich and Morgenroth and produce, by 
immunisation, antisera which would react with red cell antigens. It is 
perhaps significant and also a little whimsical that the only blood group 
systems of man, discovered in this period, were the MN and P systems demon-
strated by Lan&steiner and Levine (19279  and b) using antisera produced by 
the heteroixnmunisation of rabbits and not obtained from naturally occurring 
antisera. 
In the field of animal blood grouping, one paper appeared, which pointed 
to the great scope for future research. In 1910, Todd and White carried out 
isoimmunisatione on Egyptian cattle in order to produce immunity against 
cattle plague. Each animal was transfused with the whole blood of several 
others and when the sera from these aniiic.ls were pooled it was found that, 
this mixture was able to lyse the oells of all the animals tested. They 
also showed that, it was possible to absorb out all the antibodies for the 
cells of one animal without removing the reaction for the other cells. On 
these grounds they were led to believe in the individuality of cattle red 
cells, which was substantially confirmed thirty years afterwards by American 
workers 
Following LeMsteiner, Ottenberg and Friedman (1911) found that they 
could group cattle into three classes. The cells of A 0 animals could be 
agglutinated but their serum did not contain agglutinating antibodies. 0< 
animals had non-agglutinable cells and agglutinating antibodies in their 
serum. Finally there were the 00  animals, which had inactive cells and 
serum. Little (1929) oonfirmect these results and found that the aggluti-
nation reaction was dependent on the presence of active bovine complement, 
and as such could be more accurately described as a conglutination pheno-
menon, since cells, antiserum and non-hemolytic bovine complement were all 
necessary for the reaction. 
Using this conglutination test, the German workers Schermer and Otte 
(1953) and Forachner (1955) have carried out large scale surveys of cattle 
in order to detect naturally occurring antibodies. Porechner has found 
that, in over 4,000 animals tested, six natural antibodies existed. One, 
anti-A° which is equivalent of the anti-J of the American notation, occurred 
in about a quarter of the animals. The other five antisera were very much 
less 000n, the most frequent being found in only 1% of the cattle. These 
five naturally occurring antibodies were found by Randal at a].. (1957) to 
correspond with others produced by isoimmunisation of cattle. 
Some years prior to this Gleason-White at a].. (1950) had pointed out the 
dangers of using an agglutination test for ox red cells by his discovery of 
the phenomenon of inagglutinability of some cattle cells. The red cells of 
some cattle were found to be almost completely inagglutinab].e with a variety 
of antisera, although they could absorb the antibodies specifically. No 
correlation was found between this character and the presence of the blood 
group antigens. This introduced a difficulty into the agglutination teat 
which was impossible to resolve particularly since the character was found 
not to have a simple genetic basis (Mali 1955). 
It was a group working under the direction of Dr. I. R. Irwin at the 
University of Wisconsin, that rescued the subject from the doldrums and 
pioneered the extensive use of isoimmunisation and the hemolytic test. In 
a series of papers - Ferguson (19)+1), Ferguson at a].. (1 542). Stormont and. 
Cumley (1 943) and Stormont (1950) - 42 antigenic characters on the red cell 
were ascribed and shown to be determined by simple dominant genes. These 
characters were denoted, by letters of the alphabet in the order in which they 
were discovered.. After using the entire alphabet the more recently discover-
ed antigens were designated by a letter with the suffix prime, thus - A', B' 
etc. 
During the initial stages of the work it was thought that the blood group 
antigens were inherited independently of each other. However, it was soon 
found necessary to place them into linkage groups, called blood group systems. 
Nine such systems are recognised. These are - A, B, CO  P-V, J-Oo, L, U, S-U, 
and Z. Two of these systems are very complex, the C system containing 8 
antigens and the B system with at least twenty. 
The A and 8-U systems are simpler than the B and C systems and contain 
five and four antigens respectively. There are two systems in which only 
two antigens have so tar been found.. The F-V system, which is similar to the 
UN system in man, has antigens which are alternative, that is, they are 
controlled by a pair of alleles. Thus all cattle have either one or both of 
these antigens. 
The J-Oo system is peculiar in that it is the only system primarily 
associated with naturally occurring antibodies. In the case of anti-J it 
appears probable that, this is the expression of the recessive J gene 
(Jamieson; persona]. communication). The Oc antigen has recently been 
described by Sprague (J958). The naturally occurring Oo antibody was found 
in a Hereford bull and some of its offspring and with this it was possible to 
demonstrate the Oc antigen which, was found to be associated with the 3 anti-
gen. The Oc antiserum has also been used against sheep red oella and was 
found to react with those cells carrying the homozygous recessive for R, an 
antigen which is similar in character to the cattle J and the human A antigens. 
Sorensen at a].. (1 954) have demonstrated that strong cross reactions occur 
between these antigens. 
Finally there are three systems in which only one antigen is known. 
These are L. K and Z. One of these, the K system, is provisional since not 
enough is known about its inheritance to be certain that the K gene segregates 
independently. 
It is still a. matter of hypothesis whether, these systems are controlled 
by a series of closely linked genes as proposed by Fisher for the Rh system in 
man, or by a series of allelic genes. The latter is favoured by many blood 
group workers (Sorensen 1958 , Stormont 1958). Crossing over or mutation has 
only been reported twice (Rende]. 1958D and Stormont 1953B) and 80 for purposes 
of exposition the blood group system is considered equivalent to the expression 
of the genes at a single locus. 
Using this hypothesis Stormont (1956) nan evolved a method of direct pheno-
typic classification of the alternative alleles of the B system and for some 
of the C system. However, as the existence of multiple alleles is still a 
Coils Reactions with Reactions with vT2 after 
unabsorbed absorption with 
antisera 
v T2 	VT, T2 cells 	Tj cells - 
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+ 	 0 0 	0 
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Tsblc I The Serology of the T 8ub1rpea 
(Stormont, 1950) 
++ Strong Reaction 
+ Weak Reaction 
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matter of hypothesis and since the practical application of the process cannot 
always involve family studies, Stormont has substituted the word phenogroup 
for allele and calls the process phenogrouping rather than genotyping. 
In two other systems the application of phenogrouping is on firmer ground. 
In the P-V system there are three possible phenotypes, I. TV and V which are 
controlled by a pair of alleles 9 and P each of which is expressed in a 
detectable antigenic form. Thus the heterosygote is easily detected using 
both antibodies and both types of homozygous cell can be inferred from the 
negative reaction of one of the reagents. 
In the Z system it is possible to detect the homosygote using some 
examples of Z antibody, which give a much stronger reaction with those cells. 
Antisera containing antibodies of this type are called dosage reagents and 
Stormont (1958) has now six which are used in the routine blood typing of 
cattle. 
The existence of serological subtypes of some antigens was first dis-
covered in cattle by Stormont (1950). Be found that, some antisera gave two 
levels of reaction with red sells from different animals, some giving a higher 
titre than others. Aliquots of antiserum absorbed with the weakly reacting 
cells subsequently reacted with only those, which had originally given the 
strong reactions. Table I shows Stormont' a results for the subfypes  of 
and illustrates the relationship between the two forms. T 1 cells have the 
specificity of the weaker reao.ng T 2 cells as well as the distinguishing 
specificity. Thus on absorption T 1 cells remove all anti-T antibodies while 
cells leave antibodies specific for the T 1 antigen. 
The .kpplipLtions and Importance of Blood Typing 
It has been shown that red cell antigens have two important characteristics. 
They are inherited in a simple mendelian fashion and they are capable of stimu-
lating the production of specific antibodies in their cn species and in others. 
From the genetical point of view, the accumulation of data from large 
numbers of animals, which have been typed for their red cell antigens is of 
immense use, particularly if they can be arranged in family groups. It is 
possible using family data to test for associations between the red cell anti-
ens and other simple genetic characters, such as the absence of horns in 
cattle. 
Associations with Disease 
These associations have been sought after for several years, and the results 
so tar have proved encouraging. Several connections between disease and red 
cell antigens have been firmly established. The positive association between 
the A antigen and stomach carcinoma in man as shown by Aird et al. (1953) has 
been fully documented. There may also be a correlation between human A sub-
stance and deaths from broncho-pneumonia. Struthers (1 957) has shown that, 
children with the A antigen were more liable to die of this disease, than 
those children without the A antigen. Mayer et al. (1956) found that, pitu-
itary adenoma patients had a 31% higher frequency of the 0 blood group, than 
a control group taken from the same population. However, no evidence has yet 
been advanced to show an association between animal diseases and blood group 
characters. 
,Association with Economic Characters 
Associations between red cell antigens and characters of economic impor-
tance in domestic animals have as yet to be substantiated, although it is 
possible to find associations based on breed differences. The danger of rely-
ing on such associations has been pointed out by McClure (1952) when he showed 
that, the A antigen of cattle had a high frequency in breeds, which also had 
a high butterfat content in the milk. However, this correlation disappeared 
when Anlm.al5 taken from a single (Friesian) breed were eimnlned for these 
characters. 
In chickens, Shultz and Briles (1953) have shown that heterosygosity, 
particularly at the B locus, has a markedly favourable influence on most of 
the important economic traits of the animals • In cattle, Laben and Stormont 
(1958) found soie indication that heterozygosity at the B locus conveyed an 
advantage in the prodion of fat corrected milk, that is, the milk yield 
recorded on the basis of its fat content and not on the gross volume. No 
such advantage was found for heterozygosity at the F-V and Z loci. This work 
was carried out within an inbred Jersey herd and is therefore not subject to 
the criticisms levelled, at data based on more than one breed. 
Heteroeneity of Breed 
It has been noted., Owen et a].. (1947), that between breeds of cattle, 
there are differences in the frequencies of the red cell antigens. These 
differences are particularly marked for the phenogroupa of the B locus, which 
exist in great variety. Stormont at a].. (1957) have demonstrated the existence 
of i6 groupings of the antigens controlled by this locus. Many of these 
groupings are found predominantly in one particular breed and it is often 
possible to make a correct guess at the breed of the animal from a knowledge 
of its red cell antigens. 
Whether this technique will give an indication of the movement of genes 
through a population is not known at the moment, but it can provide a source 
of information on the relationships between breeds which is independent of 
direct human selection. 
The Application in Transfusion 
The most familiar use for blood grouping is its clinical application in 
blood transfusion, and it considered a necessary prerequisite for sate 
human transfusion. However, blood transfusion is infrequently used in 
veterinary practice and consequently the extent of the danger in transfusing 
unmatched blood is unknown. In cattle as in the other animals investigated, 
naturally occurring antibodies are found in a considerable proportion of the 
population, and at certain times of the year may attain a high concentration 
in the serum. Thus an unfortunate choice of a donor Ar1(al could have 
disastrous consequences for the recipient. It is possible, however, that a 
J positive cow might be protected from 3 antibodies injected into its blood 
stream by the soluble 3 antigen in its serum. This soluble 3 antigen was 
first demonstrated in cattle serum by Stormont (199). 
Hemolytlo Disease 
Another application of blood gzuping is the detection of inoompatabil-
ity between dam and sire which might result in hemolytic disease of the new-
born. Here the dam is immunised against the antigens produced in the off-
spring by its paternal genes • In man this hemolytic disease is not uncommon, 
when the mother is Rh negative and the father Rh positive. Since the dis-
covery of the cause of this hemolytic disease it has been possible to type 
the parents blood and f3110, any rise in titre of lao-antibody. Adequate 
precautions can then be taken for the safety of the child. This liU decreased 
the mortality from an estimated 50% of affected children, to a very low figure 
indeed. A similar form of hemolytic disease has been found in the pig and 
thiorse. In these animals, however, the mother's antibodies are taken up 
by the offspring not through the placenta but through the oolostrum, the 
protein rich milk produced by the mother in the first few days after birth. 
This fbrm of the disease can easily be avoided by preventing the newly born 
animal from ingesting the mother's oolostrum. 
In cattle, Laing and Blekemore (1951) have reported abortion in some 
dams afterbeing immunised with the blood of the bull. Bra.nd (1956) and 
Kiddy at al. (1958) have failed to repeat his findings. Nor oo u]. d they 
produce hemolytic disease in the calves although the dams contained high 
antibody titres which were passed into the calf through the milk. 
Uses to the Cattle Breeder 
There are two aspects of cattle blood grouping which are particularly 
impwtant to the farming community. These are the diagnosis of freemartins 
and the clarification of doubtful parentages. 
A freemartin is a female osif that has been born twin to a bull and whose 
blood system has been anastomosed to its twin in utero. Such animals are 
usually sterile and in most oases also show mosaioisa of the blood. This is 
produced, when erythroblasts pass between one calf and the other and make a 
permanent contribution to the production of erythrocytes in the co-twin. 
Each twin becomes, in fact, permanently tolerant to the red cells of the co-
twin although they may differ considerably in their antigens. When the blood 
of these twins is tested, iaoeaioism is expressed as the inability of one part 
of the cell population to react with some of the standard hemolytic reagents. 
If the blood can be split into two fractions as a result, the sterility of a 
heifer born twin to a bull was found to be almost certain (Stone at al. 1952). 
Rendel (I 958e) has made a thorough investigation of this problem and found 
that between 75% and 85% of the twin pairs of different sexes showed mosaiciam. 
Parentage testing is of even greater importance and this is a direct 
result of the increasing use of artificial insemination in most of the large 
cattle breeding countries. Erroneous registrations of parentage due to 
various causes are, of course, inevitable. It is the concern of the breed 
societies to keep these to a minimum and to ensure this; many of these 
societies in America and Scandinavia have ruled that all bulls used for arti-
ficial insemination must have their blood antigens tested and recorded in 
order that blood typing tests might be carried out on suspected family data. 
Randal (19583) tested 8% sire, dam and offspring groups and found that 4..2% 
of the calves were not produced by the parents recorded for them in the herd 
book. In 4.0% of those oases, the recorded sire could definitely be excluded., 
whatever the blood type of the dam. 
The A System of Cattle Red. Cell nti.geia 
The work of this thesis is confined, to an investigation into the genetics 
and serology of the antigens of this system. The A and U antigens were first 
described by Ferguson (1 941) in his first paper on heritable antigens detected 
by hemolytie isoinune antibodies. He noted that the reaction of H positive 
cells with H antibody was typically an inoplete form of hemolysis, since only 
a fraction of the cell population was found to lyse even in the highest con-
centrations of the antiserum. However, ten years elapsed before Stormont 
(1951) reported at the First American Cattle Blood Typing Conference an associ-
ation between A and H and postulated four alleles ii , AH, A and A5 controlling 
respectively the antigens A, H, A and H, and the absence of both. He also 
found that the if positive nimAla in the Guernsey and Jersey broods carried, 
as far as he could determine the A allele to the exclusion of the A allele. 
He found this position to be reversed in the Holstein-Friesian cattle tested, 
and reported that the A11 allele predominated in this breed.. No data were 
published to support these observations. 
Recently, Stormont (1961) has shown that the D and Z antigens also 
belonged to the A system. By  this inclusion and on the recognition of two 
forms or subtypes of the A and D antigen, Stormont has replaced the original 
four allele system by one involving nine alleles. These are designated A1 , 
D, A1 D, A2D, A1H, DE, A1 DH, A2DH and AI D 2Z'. 
In the first report on the D antigen, Stormont and Suzuki (1956) proposed 
that it was controlled by a gene, which segregated independently of the other 
known blood group loci. The antiserum used to deteot this character was 
produced by the heteroimmunisation of rabbits with ox red cells. The germ 
frequencies proved to be very high for all breeds tested. Ayrshires, Brown 
Swiss and Jio].stein-Friesian cattle had gene frequencies over 0.95, while the 
Channel Island breeds were lower, 0.72 and 0.66 for Guernseys and Jerseys 
respectively. 
The Z' antigen was first described by Stormont (1950). An antiserum to 
this antigen was produced by the transfusion of a cow with blood from a zebu 
bull. Several thousand Holetein-Friesian cattle were tested by Stormont with 
this reagent but all proved to be negative. Positive animals were found in 
Guernsey cattle but even here the frequency was under 4. 
Randal (1958A) confirmed the rarity of the Z' antigen but was fortunate 
in being able to analyse the family of a positive Jersey bull. He showed 
that, the Z' antigen was not controlled by the B, C O  L and S loot and that, 
there was reason fbr believing that there was linkage between the B and Z' 
loot. 
At the second. conference, Irwin and Stone of Wisconsin and Stormont of 
California (1952) reported the existence of the antigen &2  on a small propor-
tion of cattle red cells. This is a variant or subtype of the more common 
antigen A1 . 
Irwin and Stone also reported on the production of an antiserum, which 
detected animals, which were homozygous for A. This gene dosage phenomenon 
superficially resembles a subtype reaction since the titre of the serum is 
greater with homozygous cells than with heterozygous cells. However the in-
heritanoe is completely different since A 2 animals have never been shown to 
produce calves of the strong A1 subtype, while a quarter of the offspring of 
heterozygous matings were homozygous and gave a stronger reaction than their 
parents. 
Antiserum to the A antigen is one of the simplest to produce by isoimmuni-
sation. Sorensen (1958) reported that, five out of the six A negative cattle 
which were transfused with A positive blood, produced A antibodies. This 
compares favourably with five out of eleven for Y antigen, and for out of eight 
for C antigen, both of which are regarded as strongly antigento. Anti-A is 
also one of the few cattle blood group antibodies to be produced easily in 
rabbits. 
The H antigen is such less antigenie tian A in this sense, and although 
Stormont (1 952) reported that the blood grouping laboratories in Ohio, Wisconsin, 
California and Ontario had produced examples of H antiserum, its production in 
many European laboratories has not been achieved (personal communication from 
Sorensen, Randal, Breend, Bouw and Schmidt). 
Almost nothing has been reported on the serology of the H antigen. Cohen 
and Ferguson (i 953) demonstrated the incomplete hemolysis using different dilu-
tions of the H antiserum. It was also found that, the reaction rate was 
extremely slow and approximated to the velocity curves obtained with other 
antisera, when suboptimal amounts of antibody were present. From these results 
he has postulated the prdaenoe of an inhibitor, possibly a non-hemolytic form 
of the H antibody. 
Thus in this simple system, there are four points of great interest to 
workers in the field of cattle blood grouping. The most difficult serological 
problem is undoubtedly that of the incomplete hemolysis produced by the H anti-
gen-antibody system. This form of reaction can produce difficulties and even 
incorrect diagnosis under standard testing conditions with an inexperienced 
operator and it is of practical as well as theoretical interest to understand 
more of the mechanism producing partial hemolysie. 
Another problem is that of gene dosage, which has been reported for the 
A antigen. This is a not uncommon, but as yet unexplained form of reaction 
which can be of great practical use to the blood group worker, in parentage 
testing. 
The A antigen is also known to exist in two forms or subtypes which 
cross react with one another. Subtypes are well known phenomena which occur 
in approximately a quarter of the known blood group antigens of cattle • How-
ever no serological work has been published on the A subtypes. The emergence 
of subtypes is of practical interest, since they increase the possibility of 
distinguishing between individual cattle. The existence of subtypes also 
provides a method of investigating the qualitative and quantitative aspects 
of these antigens at a finer level. 
Finally, while the inheritance of the individual antigens is well under-
stood little has been published on their gene frequencies or on the distribu-
tion of the A alleles in different breeds of cattle. 
The following work has been an attempt to answer some of the questions 
posed by the antigens at this locus and in particular to illucidate the unusual 
hemolytic reaction of the H antigen with its homologous serum. The serological 
properties of gene dosage and the subtype phenomenon have also been investigated 
at this locus to discover the reasons for the greater sensitivity of the cells 
of some animals to hemolyse in a given homologous antiserum, and to throw some 
light on the more general aspects of these phenomena. 
DflhITIONS AND STh(BOLS 
The Antigen 
There are two funiiental definitions in immunology. These apply to the 
antigen and the antibody and it is unfortunate that neither can be defined 
without reference to the other. The antigen is a protein or conjugated 
protein, which stimulates the production of antibodies, when introduced into 
the blood stream of an animal. The antigen is also capable of combining in 
some detectable way with the antibody. 
The Antjbo&y 
Antibodies are modified globulins found in the sera of anim als and are 
produced as a result of antigenic stimulus. In some cases, for example, 
anti-A and anti-B in man and anti-J in cattle, no external stimulus appears 
to be required for the production of the antibodies. Originally antibodies 
were described by the manner In which they could be detected. This led to 
such names as hemolysin, agglutinin and preoipitin being given to antibodies 
detected by hemolytio, agglutination and precipitation tests. The nomen-
clature is still occasionally used, although it is now accepted that the same 
antibody molecule may be capable of several different functions. 
Blood Grouping 
This is the detection of antigens on the surface of red cells by the use 
of antisera containing antibodies to a single specificity or group of specifi-
cities. 
Since there is no critical method of determining how many antigens are 
injected it is dangerous to suppose that the antiserum, even after it has been 
suitably absorbed, contains only one antibody. Themost that can be maintained 
is that the antiserum reacts with an antigen or group of antigens, which are 
inherited as a single character among the animals tested. For this reason the 
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antigen is usually referred to as an antigenic factor or blood group factor 
and the antisera which react exclusively with it as reagents. Thus the anti-
genic factor A is detected with an A reagent (anti-A or VA). 
The Blood Group System 
This is a group of antigenic factors which is controlled by a series of 
allelio genes at a single locus or by genes at closely linked loci. In 
practice a series of alleles is used to describe the genotype of an animal. 
For example, the A, A2 and H antigens have been reported (Stormont 1952) to 
be controlled by alleles which are written as A with the appropriate super-
script. Thus the allele controlling the presence of antigens £2  and H is 
AA2H while the absence of all the antigens is denoted by A5 , the allele which 
has no known antigenic expression. 
3erolpgioal Subtypes 
These are antigens which are capable of stimulating related forms of anti-
body. The subtype antigens can be considered in the form of the pyramid with 
the antignioally stronger cells above the weaker. In the example, given in 
Figure 1, the V cells will react with only anti-Es while the 	cells will 
react with all three reagents. Thus the number of cells reacting with anti-3 1  
must be greater than the nwLber reacting with anti-E. 
Complement (Cl) 
This is a heat-labile protein constituent of normal serum. There are 
four main components C, C, C and C. In the process of hemolysia the com-
ponents C, C21 and CO are bound to the antibody-antigen complex. The actual 
lysis of the cell is produced by the enzymic action of C. 
E + A  
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Figure 2 Steps in the Hemo].ysis of Red Cells by Antibody and Complement 
(taken from Mayer, 1958)   
E - Ezythrooyte 
A - Antibody 
P - Damaged Cell 
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The Hemolytic Teat 
This is the basis of nearly all blood grouping work in cattle. As already 
mentioned, direct agglutination of the red cells is not a practical method of 
detecting the presence of the specific antibody. However if a suspension of 
red calls which has been aensitised with an antibody is now mixed, with hemolytia 
complement and incubated, the cells, which are coated with suffioie t specific 
antibody, will rupture and release their hemoglobin in a process described as 
hemoly ala. 
The reaction of sensitised erythrocytes and hemolytic complement has been 
studied by many workers andmost of the relevant literature is reviewed by 
Mayer (1958). The system, which has been worked out most fully, is the action 
of guinea-pig complement on sheep erythrocytes sensitised with rabbit antibody. 
In this system, as in the others dadied, the reaction has been found to take 
place in severel steps which are swenarised in Figure 2. 
From this diagram, hemolysis is shown to entail a complex series of 
reactions, which are sensitive to the experimental conditions to a such higher 
degree than most of the simple agglutination procedures used in blood grouping. 
To combat these difficu1ts and in an endeavour to obtain reprod.uoable results, 
the empirical test first used by Ferguson (1 941) has been widely adopted. 
2.5 
0,1 03].. of the antiserum is mixed. with 0.05 ml. of a,/% washed cell sus- 
pension at room temperature for 15 minuted. This is then incubated with 0.05 
si].. of rabbit complement at 24 °C - 260C. The test is read after half an hour 
and after 4 - 2 hours and a further reading at four hours may also be taken. 
In estimation of the free hemoglobin and the remaining intact cel] is made by eye. 
Eight gradations from 0% - 100% hemolysis can be recognised, by some experienced 
operators and these are scored 0, 0+, tr, 1, 2, 3, 3+ and. 
The "Three Drop" Test 
The above international method has been modified into the following 
Drop" teat, which has proved to be more convenient and economical One drop 
each of the cell suspension, the antiserum and the complement were mixed in 
standard Rh tubes (6 x 50 mm.). The pipette, used for this purpose, was 
calibrated to deliver drops of 0.015 ml. The cells to be tested were washed 
three times and matched to a standard using an EEL calorimeter. This teat 
suspension was approximately 1.25% packed red cells in 0.9% saline. The anti-
sera were aerially diluted in saline, usually in doubling dilutions from. 
The complement used was normal undiluted rabbit serum, which had been pooled 
and absorbed with ox cells to remove any species specific antibodies. Two 
controls are always included; the complement control, in which one drop of 
saline was substituted for the drop of antiserum and the saline control, in 
which one drop of the cell suspension was mixed with two drops of saline. The 
first ensured that, any hemolytic antibodies in the complement waild be detected, 
and the second detecd any cell which was unstable in the saline medium. 
The tests were not up in racks capable of holding 600 tubes, which were 
then transferred to a mechaa ical shaker. This resuspended the cola once 
every hour for the duration of the test. The tubes remained at room tempera-
ture (18-22 00 and were examined two hours after the last resuspension. The 
amount of free hemoglobin and the remaining intact cells, which forma small 
button at the bottom of the tube, were estimated by eye. Eight gradations 
from 0% to i00% hemolysia were recognised. However these were scored in a 





Figure 3 A photograph of the apparatus used to ensure that the 
cells which were subjected to hemolysis remained in 
suspension and at a constant temperature for the 
period of the test. 
(1) Synolook motor 	(2) Rack with corked. tubes 
(3) Carrier for tubes (4) Paddle suspended in water-
bath, with carrier and tubes in position 
(5) Nylon drive from motor to paddle 
were used since this simplified the addition of the hemolytic score of a cell 
produced with serial dilutions of an antiserum. In theory these scores 
should be equivalent to o%, 10%, 20%, 40% 1, 60%, 80%, 90% and a 100% hemolyala, 
while in practise the accuracy depended upon the skill of the operator. 
Colorimetric Estimation of Hemolysis 
Where it was necessary to make an accurate estimation of the percentage 
hernolysis, a more elaborate procedure was employed. This was a oolorimetrio 
estimation of the free hemoglobin present after incubation of the cells with 
antiserum and complement. 
A weak suspension of erythrocytes was matched in an EEL coloriaster, to 
give a reading of 30 using a dark green filter (EEL 624) and using a carrier 
for I a].. Rh tubes. The concentration of the red cells was appro34mktely 
equivalent to a 0.25% suspension or packed cells and 0.4 mis. of this suspen-
sion was the amount used in this form of the hemolytic test. 
Two adaptations of the test were used. In the first, the washed, 
matched cells were senaitised with the antiserum and washed free of the excess 
antibody before the complement was added. 0.4 ml. volumes of the cell 
suspensions were added to 0.4 a].. volumesof the aerially diluted antiserum, 
and the tubes incubated at 30°C for 45 minutes. The cells were washed twice 
by centrifugation, resuspended in 0.4 ml. of saline and 0.2 ml. of complement 
added to each tube except the controls. 
In the other fam of the test 0.2 ml. volumes of the cell suspension, 
antiserum and complement were mixed together. 0.6 ml. was found to be the 
smallest volume which could be read accurately in the colorimeter. To 
ensure that both forms of the test used an equivalent number of cells, the 



















Figure i The relationship between the percentage of cells lysed and 
the optical density of the liberated, hemoglobin, estimatea 
in an EEL colorimeter. 
removal of half the original volume of saline. From this point the proced-
ure was identical in each method. The tubes were centrifuged and their 
optical density measured in the colorimeter. To ensure as much accuracy as 
possible the I ml. Rh tubes (6 x 50 mm.) used in this method were hand selec-
ted for optical density and internal diameter. Numbered rubber bungs, 5 mm. 
in diameter, were used to seal and identify the tubes. The tubes were then 
tran3forred to aluaW= carriers, each capable of holding ifO of the tubes. 
The carriers were attached by a rubber band to a paddle, which was suspended. 
in a waterbath and rotated at I r.p.m. by a aynolook motor. This motion 
ensured that the red cells remained constantly in suspension at a regulated 
temperature for the period of incubation. A photograph (Figure 3) shows 
the details of the apparatus. 
After removal from the waterbath the tubes were again centrifuged and 
the final optical density determined in the colorimeter. The difference 
between the final and the initial optical density gave the optical density 
of the free hemoglobin and from this figure the percentage of the cells lysed 
could be calculated. The optical density was found to be directly propor-
tional to the percentage bemolysis (Figure if) over the range used.. 
The standards were produced by lysing 10 mis, of the matched cell 
suspension. The cells were packed by centrifugation and resuspended in 
15 mis. of distilled water, giving a solution containing the equivalent 
amount of hemoglobin liberated by complete (iOc) lysis of the cells in the 
test. Different percentages were produced by dilution of this standard 
solution. 
To obtain repeatable results with this test it was also necessary to 
control the amount of complement added to each tube • The complement was 
titrated with a hemolytic system consisting of ox cells and a rabbit anti-ox 
100 
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Figure 5 The relationship between the percentage of cells lysed 
and the amount of complement added to the standardised 
test suspension. The amount of complement required to 
lyse 50 of the sensitised cells is shown. 
rjcl cell seruia. 	The ruit were plettea 	in Fiurc 5 a1 the 5U point 
Won as a measure of the strength of the complement present. In this 
example 0.0059 in].. of undiluted rabbit complement were required to lyse 50 
of the hemolytic syptem, which was equivalent to 170, 50% units of complement 
per ml. Rabbit complement normally varied between 100 and 200 units/ml. 
and where it was necessary to compare the percentage hemolysis obtained in a 
critical manner, the serum containing the complement was d.iluted to give 
100 units/a].. 
The Anti-globulin Teat 
When ox red cells are treated with an iso-immune serum, agglutination 
is rarely observed. Nevertheless the erythrocytes are coated with antibody 
and this antibody can be detected by using a rabbit antiserum to ox globulin, 
which forms a complex that is capable of agglutinating the red cells. The 
technique was first used in blood grouping by Coombs et a].. (1945) to detect 
Rh antibodies on the surface of human red. cells. 
A 1.25% suspension of the cells was mixed with the bovine antiserum for 
45 minutes at 37°C, washed free of the remaining serum and resuspended in 
saline to produce a 5% suspension. Two drops (0.03 ml.) from each dilution 
of the serially diluted anti-ox globulin serum were set out on a white glass 
tile and an equal volume of the eell suspension added to each aliquot of 
serum. The cells and serum were mixed quickly with a glass rod and the 
tile rocked by hand for 15 minutes. The agglutination took place in small 
clumps and gave an overall effect of graininessW, unlike strong direct 
agglutination between cells and antiserum, which forms large clumps sometimes 
involving the entire cell population. The results of the antiglobulin test 
were read by eye and scored 0, 1, 2 9 3, 4, and  5 for increasing amounts of 
agglutination. 
Specific Absorption of Antisera 
frumweide at al, (1925) have collated, most of the relevant material on 
the techniques used in antibody absorption. When the amount of antibody or 
antigen is kept constant, absorption can be used to measure the relative 
amounts of the other. 
The cells used for absorption were washed three times in saline and 
packed by oentrifugation for 30 minutes at 1,500g. The supernatant saline 
was removed, the antiserum added and mixed thoroughly with the calls. This 
suspension was left at room temperature for 30 minutes to allow the antibodies 
to combine with the red cell antigens. Finally the cells and absorbed anti-
body were removed from the serum by centrifugation for 30 minutes at 1 9 500g. 
The absorption ratio was found by dividing the volume of the cells used, by 
the volume of undiluted serum added.. This was usually estimated by measuring 
the height of each column in the tithe after the final centrifugation. Where 
higher accuracy was required or when the absorption ratio was less than one, 
the packed cells from a measured volume of a 10% suspension were mixed with 
the required volume of serum. 
The absorption ratio required to remove all the specific antibodies 
varies with the amount of antibody in the serum and the number of antigen 
sites on the red cell, so it was impossible to predict the volume of red 
cells, which would be necessary for the absorption of an unknown serum. It 
was usually found that a ratio of three volumes of cells to one volume of 
was sufficient 
serum/ although in a few oases, such as in the removal of H antibodies and 
some species specific rabbit antibodies the ratio was ten or more. 
Due to the high titre of most rabbit antisera it was found convenient 
Antiserum Absorbed with Cells 
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Figure 6 The Method of analysis of an antiserum oontaining more 
than one antibody. 
to dilute the serun by four before absorption azid as a prelimiiary precaution 
the complement in the rabbit sera was destroyed by incubation at 560C for 30 
minutes. This was unnecessary for ox sera since the concentration of hemo-
lytic complement was very low. 
Analysis of Antisera 
The analysis and fractionation of antisera prepared by the injection of 
cattle red cells into rabbits or other cattle was carried out by absorbing 
aliquots of the sera with a panel of ten or more ox Cells. The method, with 
slight modification was the same as that described by Hall (1955). When the 
blood types of the donor and recipient animals were known, it was possible 
to forecast which d' the donor's known red cell antigens might induce anti-
body stimulus. In the example given, the donor cells had six antigens 
which were lacking in the recipient. Eight cells with varying combinations 
of those antigens were used to absorb aliquots of the serum. Donor and 
recipient cells were also used in control absorptions. Pliese aliquots were 
than tested against the same panel of cells and their hemolytio scores set 
down as shown in Figure 6. 
Six antibodies might have been present in this serum - 0, W, H, Q, C2 
and 12•  The following method was used to test whether a particular anti-
body, in this case vH was present. 
Cells 6 and 8 had the H antigen while cells 1, 2, 39  L,.,  5 and 7 had not. 
Therefore the serum absorbed with the H negative cells should have contained. 
H antibody if it was in the original serum. Reactions were thus expected 
for cells 6 and 8 with all the serum aliquots except those absorbed with the 
cells 6 and 8. As there were no reactions which clash with those conditions, 
it was possible to say that vii, or some other antibody giving the same reao' 
tions with those eight cells, was present in the antiserum. With similar 
reservations vO, and vW might also be said to be present. 
However, it was possible to be definite in the case of the other three 
possible antibodies. Cell 5 was Q negative. Therefore the serum absorbed. 
with 5 should have reacted with cell 4, which was Q positive, if anti Q was 
present in the serum. As there was no reaction, Q antibody was absent from 
the serum. It was possible to show in a similar way that C 2 and 12  antibodies 
were also absent. 
Thus an analysis of the serum showed the presence of three antibodies of 
different specificities. Aliquots of the antiserum were absorbed with cells 
5, 6 and 8 to produce large amounts of serum containing these different anti-
bodies. The reactions of these aliquots with forty or more bloods were 
compared with those of standard antisera which gave reactions oompatable with 
those expected from a single specificity. As there was complete agreement 
between the standard and the fraction from the new serum it was probable that 
the fraction had the same specificity. 
Osmotic fragility of Cells 
The method used here was that recommended. by Mollison (1956). Test 
suspensions of the cells to be examined for their osmotic fragility were 
matched to reading 350  in an EEL colorimeter using a dark green (624) filter. 
0.4 ml. aliquots of each cell suspension were then dispensed into the 
optically matched Rh tubes. These were centrifuged, the saline removed and 
the cells resuspended in different concentrations of hypotonic saline 
buffered to pH 7.4. The cells were washed once in this medium before being 
resuspended. in 0.6 ml. of the hypotonlo saline and transferred to a water-
bath at 230C for 45 minutes. Finally the tubes were centrifuged and the 
free hemoglobin estimated in the MM colorimeter. A straight line was 
obtained when the percentage lysis of the cells was plotted on a scale of 
arithmetic probability against the salt concentration of the hypotonic saline. 
However, if only the results which lay between 20% and 80% lysis were 
used, straight lines were obtained by plotting on simple arithmetic scales. 
The osmotic fragility of the cell was taken as a function of the concentration 
of salt required to lyse 50% of the cells under the conditions of the test. 
Enzymic Treatment of Cells 
(i) Try-pain 
Trypsinised cells were prepared according to lLollison (1956). A 0.1% 
solution of trypsin was prepared in N/20 HM and than diluted to 1/20 in 14/10 
phosphate buffer of p1! 77. Your volumes of this buffered trypsin solution 
were added to one volume of washed, packed cells and the suspension incubated 
at 370C for 30 minutes. The cells were washed four or five times to remove 
the remaining tr3rpsin before use. 
(2) PaDain 
Here also Mollison's (1956) method was used. One gramme of Papain was 
suspended in 100 mis. of 0.85% Na Cl. This was diluted to 1/10 with 14/15 
phosphate buffer of pH 7.3. Two volumes of the buffered papain solution 
were incubated with one volume of washed, packed cells at 37 °C for 30 minutes 
and the cells washed free of the enzyme before use. 
Conjugation of Antiserum with Fluoresoene Iaooyanpte 
The following method was kindly supplied by Dr. lAceer of the Institute 
of Animal Genetics, University of Edinburgh. 
The serum to be conjugated was diluted with saline and a carbonate-
bicarbonate buffer in the proportions: 4 parts antiserum, 9  parts  0.93 
saline and 3 parts buffer. The buffer was produced by adding a 0.5 
molar solution of NaOH to another 0.5 molar solution of NaECO3 until a pH of 
9.3 was reached.. The diluted serum was brought to a temperature of between 
-2 and -30C. with a mixture of alcohol and dry ice. One pert of isoeyanat. 
was "leaked" into the diluted serum at about the rate of 0.02 ml, per minute 
with the use of a "Microid" pipette filler. The fluid was subjected to 
constant mixing by a magnatio stirrer to keep the concentration of the iso-
cyanate in the serum as nearly uniform as possible. The conjugated serum 
was left overnight at 0 - 1 °C, before being poured through an ion exchange 
column and collected for use • The exchange column was composed of a 
"Dowex" resin which was activated by washing twice in N/10 Sodium hydroxide. 
This double washing was repeated using N110 acetic acid., distilled water 
and finally the resin was washed once in the carbonate-bicarbonate buffer. 
In each washing, the resin was shaken for half an hour before it was allowed 
to settle and the supernatant decanted. 
The Labelling of AntiserMl with Radio Iodine (1131) 
This method was kindly supplied by Dr. Dresser, Zoology Department, 
University of Edinburgh, and was an adaptation of the methods of Francis 
at al (1951) and Hemmings (1956). 
The first step was the removal of the albumin from the sera by ammonium 
sulphate fractionation using the method of Risen and Pressman (1950). Half 
saturated ammonium sulphate was used to precipitate out the globulin leaving 
the albumin in solution. Thus one volume of the serum was dialysed against 
1.4 volumes of three molar ammonium sulphate at 3 - i °C overnight. The 
precipitate was washed twice at room temperature in 1.75 molar ammonium 
sulphate brought to pH 6.8 with N15 sodium hydroxide. The precipitate was 
then dissolved in a little saline and dialysed against saline at room temper-
ature. At least four changes of saline were required to remove the ammonium 
salt. The content of this precipitated protein was checked eleotrophore-
ticafly to ensure that the albumin had been removed. Finally the concentra-
tion of the remaining protein was measured with a "Unicam" spectrophotometer 
U 
at a wave length of 280 ,' ' . 
The actual labelling of the protein was carried out with the use of 
carrier free i131 , that is, iodine which contains almost no x127 . This was 
obtained from the Radio chemical Centre, Amershem, as iodide in dilute 
phosphate buffer, and is catalogued as 1B32. Three uzilhicuries of this 
were found to be sufficient to label 200 mgm. of Protein. 
1B32 had been found to contain trace amounts of sodium thiosuiphate, 
and this was occasionally sufficient to reduce all the free iodine after the 
addition of the carrier (1 127 ) iodine. This possibility must be guarded 
against, since the free radioactive iodine must be in solution before the 
addition of the protein. 
20 mgm of iodine were dissolved in 50 ml. of 0.01 molar potassium 
iodide and 1.3 ml. of thi5 solution was added to 6.7 ml. of ge1e in a 
colorimeter tube, to form a standard. 1.3 ml • of the same iodine solution 
were added to the carrier free radio-iodine solution. This was pipetted 
into 5.3 ml. of saline since the volume of the radioactive solution can be 
ignored. The free iodine in the radioactive sample was adjusted to the 
standard, in an EEL colorimeter using a blue filter (EEL-0B2), by the 
addition of a saturated solution of iodine in 0.01 molar potassium iodide. 
The fine], volume was raised to 8.0 ml. with saline. I ml. of a 25% 
solution of 0.880 Ammonia v/v was added to 11 ml. of saline containing 200 
mgm. of protein. This raised the pH to 10.5 - 11.0. The 8 ml. of radio-
active iodine was then added, drop by drop, to this solution over a period. 
of a few minutes. The solution was stirred continuously throughout this 
process. After 4.0 minutes at room temperature, the protein solution was 
dialysed against eight changes of saline at 0°C over a period of 48 hours. 
The amount of iodine used, was calculated to give between one and two 
molecules of iodine for every two molecules of protein at the maxi mum 
theoretical labelling efficiency of 50%. In practice this efficiency lies 
between &% and 15 or I - 4 molecules of iodine for every ten molecules of protein. 
Tie Testing Method 
The cells were washed and made into a z% suspension. 0.2 ml. volumes 
of this suspension were mixed with equal volumes of the serially diluted., 
labelled antiserum and incubated at 37°C for 30 minutes. The excess serum 
was removed and it was found that, after four washes in saline, the radia-
tion count of the cells had reached a steady value. The cells were resus-
pended in a little saline, transferred to planohettes and mixed with one 
drop of polyvinyl alcohol (P.Y.A.) in 1% teepol. The teepol lysed the 
cells and the P.V.A. was employed as an adhesive to prevent the loss of 
email portions of the residue as it dried out. Each p].anohette was placed 
in a radiation counter and a count obtained for a period of 100 seconds for 
each cell, sample. The background count was measured before and after 
reading the tests and the average subtracted from each of the test counts. 
The Cattle 
The experimental work of this thesis was carried out on the cattle in the 
A.B.R.O, herds standing at Blythbank Farm, Peebles and at Cold Norton Farm, 
Staffordshire. A large number of families of Guernsey cattle, which were 
made available by the Hampshire Cattle Breeders Association, were also tested. 
At B].ythbenk Farm the herd contained about sixty pairs of monozygous twins 
and a similar number of dizygoua animals. There was also a large number of 
pairs of full sibs. These were pairs of animals born at the same time and 
sired by the same bull. As the dams were a pair of monosygous twins, the 
relationship between the calves was equivalent to that of disygous twins. 
Since, however, they were born separately, there was no possibility of anasto-
mosia of the blood. The full sibs and a group of paired half sisters were 
bred on the farm. However, the twins and a contral group of unrelated 
animals were collected from all over the country and gave great genetic 
heterogeneity to the herd. 
All the animals were numbered in pairs and classified according to the 
family relationships already described and the following shorthand method 
was used: 
12 and DZ for monosygous and disygous twins respectively 
PS for pairs of full sibs 
HZ for half sisters of approximately the same age 
and having the same sire 
U for pairs of unrelated amimala of the same age 
At Cold Norton farm there were over 300 ni mi a of which some were pure-
bred Ayrshire, Priesian and Jersey cattle. Reciprocal crosses between these 
breeds gave six first cross classes. Cattle from those classes were then 
mated with bulls from the third breed to give another six second cross 
classes. A large number of bulls were used and in this herd also there 
was a large amount of genetic heterogeneity. 
The animals were designated according to their breed or cross and 
numbered according to their order of arrival • In all oases the last letter 
used indicated the breed of the sire. 
Thus the calf of an Ayrshire-Friesian cross (Al 23) and a Jersey bull, 
the seventeenth to join this class was designated APJ 17. For convenience, 
the first two litters of the third crosses were replaced by the figure 4.. 
Thus the calf produced by the dam MI 29 and an Ayrshire bull was designated 
43A7 and not AJPA7. 
Collection of rythrooytp 
Blood samples were taken from cattle by inserting a large hypodermic 
needle into the jugular vein, which was constricted by a rope looped round 
the baas of the neck of the animal. The blood was collected in aterilised 
tubes containing 1/5 of their own volume of acid citrate dextrose (A.C.D.) with 
which it was mixed thoroughly. This anticoagulant consisted. of 16.7 gins. 
of disodium citrate and 25 gins, of dextrose dissolved in a litre of distilled 
water. Cells collected in this manner, could with care be kept for about 
four weeks at 4.0C. 
Collection of Complement 
Normal unheated rabbit serum was found to be the most easily obtainable 
supply of complement suitable for the ox anti-ox hemolytic system. The blood 
was taken from an incision into the peripheral ear vein of selected rabbits. 
If the flow of blood required stimulation, the vein was dilated with xylol 
-J -r 
rubbd 1rto the ti; of the er. 	ietteeh 140 and 50 rals, of blood were colico- 
ted from each rabbit into a large centrifuge tube. The blood was Liowed to 
clot and than rings&" by  passing a thin glass rod between the clot and the 
inside surface of the tube. This allowed the clot to contract easily and 
ensured a good yield of serum (20 - 30 mis.). After several hours at room 
temperC&tur. the serum was decanted from each tub., the cells removed by 
aentr'ifugation at I ,000g for 20 minutes and the clear, supernatant s.rm 
pooled. The pooled rabbit serum was stared in 100 ml, amounts and absorbed 
at 14 0C with ox cells to remove any species antibodies before use • One 
voltm of washed peohed cells was used for four to six volusss of the rabbit 
"run. After this absorption, the serus was ready for testing purposes and 
was designated rabbit compliment. Both the pooled sirs and the complement 
war, stared at about 40°C in a large thermos flask containing solid carbon 
dioxide. 
Guinee-Dig Comu].uient 
Guinea,-pigs were bled by cardiac puncture and up to 10 mis, was taken 
from each mn1.l • The method of production of guinea-pig complement was the 
same as that used for the production of rabbit complement, except that an 
equal Voltas of packed ox cells was required to remove , the species specific 
antibodies which were fomid in guinea-pig sirs. 
Pta Comuiement 
Blood from over 30 pigs was collected from the slaughter house and was 
pooled and absorbed in the same asmoer as the rabbit sers. 
The Preaaratto and Collection of Ayitisers 
Antisera to ox red cells were produced by the transfusion of the oitrat.d 
., ..j 
whole blood of one ox into the blood stream of another. The transfusion 
courses consisted of six, weekly transfusions of either 50 or 100 mis. of 
oitrated., whole blood which was introduced into the jugular vein of the 
recipient through & polythene cannula. Care was taken to observe as many 
aseptic precautions as possible. However, the transfusions were conducted 
in byres and these conditions prejudiced the certainty of injecting complete-
ly sterile blood. Weekly blood samples were removed from the recipient 
animals immediately before the tranision and the serum tested against the 
donor cells. When the recipient had produced a good tits of antibody up to 
three litres of blood was removed seven days after the final transfusion. 
The blood was allowed to clot and the serum decanted as described above • The 
cells were removed by centrifugation at 1,000g. for 30 minutes and the olear 
supernatant serum was stored in suitable volumes at -15°C until required for 
U800 
B. In Rabbits 
Rabbits were used to produce heteroiiuinune antibodies to antigens on ox 
red cells and also to bovine serum proteins. Ox red cell hezolysins were 
produced by injection of a 10% washed red cell suspension into the peripheral 
ear vein. The course consisted of six injections of 0.5 ml. of the cell 
suspension with an interval of two days between each. 
To produce an antiserum against ox serum and in particular the gamma 
globulin fraction, rabbits were injected with 50 zn. doses of bovine gamma 
globulin suspended in I ml. of 0.9 saline or 0.2 rn]. amounts of a 1/5 
dilution of pooled ox serum. Here also the course consisted of six injec-
tions with an interval of two days between each. 
&aafl samples of the immune sera were collected and tested five and seven 
days after. the last injection to estimate the strength of the response. A 
large blood sample of 50 mis. was usually tümn 10 days after the last injec-
tion sine, this was found to be the time at which the titre was at its 
maximum. 
The sera were collected in the same manner as the sera for rabbit oomple-
ment. However, before storing at -150C the sera were heated at 560C for 30 
minutes to destroy the hemolytic complement. 
Transfusion Re sults 
A. In Cattle  
In the transfusions carried out to produce the antibodies required for 
the routine work of blood. typing, an attempt was made to choose donor and 
recipient cattle, which might also produce antibodies specific for the anti-
gens of the A system. 
I • Citrated whole blood from KZ 122A was injected into the animals 
liz IOOA and B in' two courses of six, weekly transfusions of 50 mis. each. 
This produced four antibodies, vA of titre 1/16, vZ and two others whose 
reactions did not agree with any internationally known antibody. 
2. The monozygous pair liZ 205A and B were the recipients of three 
transfusion courses. In the first course the donor AnmRl was liZ 154A and 
two antibodies, VC  and vS 1 were produced. In the second and t*d courses, 
blood from a new donor, NZ 138A, induced the formation of an H antibody at a 
titre of 028 in the an1ini KZ 205B. In the A member, the H antibodies 
were produced only to a titre of 1/8. Anti-A, anti-D and anti-Z' could not 
be formed here since the red cells of the recipients carried the A and D 
antigens and the donor cells were V negative. 
3. The A and D positive recipients liz 47A wd B were each given two 
courses of whole blood from HZ 44A. HZ 47A produced two antibodies v0 1 and 
vW, and HZ 47B produced v0V VW and vQ, but vif was not fzn& in either animal. 
1. The four recipients U 30B, U 32A, U 33C and U 35A were given one 
course of transfusions of whole blood from the donors NZ 236A and B. The 
blood from the A member was used on alternate weeks to that of the B member, 
U 30B and U 32A both produced. A antibodies only, U 33C, an A positive animal, 
produced no antibodies and U 35A produced an H antibody to a titre of 1/61+ and 
also one other unidentified antibody. 
Three recipients HZ 53k, HZ 54k and B were each given one transfusion 
course with the blood from HZ 245A and B on alternate weeks. HZ 53A pro-
duced antibodies to the A and Q antigens. HZ 54k which had the A and D 
antigen and was therefore unable to produce vA or vD contained antibodies to 
Q and V antigens. The B member which was also A and D positive tailed to 
produce any antibodies. 
The monozygous pairs HZ 199A and B and MZ 238A and B were each given 
one course of transfusions. The donors were HZ 154k and U 28A respectively. 
These animals failed to produce any detectable antibodies. 
Four cattle, A 3, HZ 51A, HZ lii B and HZ 239A were each given one 
course of transfusions with blood from the only Z' positive animal to be 
identified, Two animals A 3 and HZ 1110 produced Z' antibodies of high tfre 
while the other two animals failed to produce any antibodies. 
The antisera produced by HZ 96A and B after a course of transfusions 
with A positive cells from HZ 196A were particularly interesting since they 
were capable of distinguishing between the subtypes A 1 and A2. 
9. The antiserum 37 v H, which was used extensively in the following work, 
was produced in 1952  by Dr. J. G. Hall during another investigation. The ox, 
37, received repeated transfusions of whole blood taken from its brother, 36, 
and finally produced H antibodies to a titre of 1/1,000. 
B. Rabbits 
All the rabbits injected with ox red cells produced species specific 
antibodies of high titre. These had to be removed by absorption to expose 
the blood group antibodies. 
Your rabbits, 22, 37, T 134 and S 235 were given one course of injeo-
tions with the cells of A 3. All the rabbits produced vA and vi' except 
S 235 which only produced vA. Rabbits 22 and T 134 were given two further 
courses of injections with cells from the ox NZ 138k. Rabbit 22 produced 
vA and vF antibodies as before, but rabbit T 134 produced Z antibodies in 
addition to these. 
Two rabbit; 72 and 76, were given a course of injections of cells 
from KZ 154k which carried. the A 2 , D and H antigens. Rabbit 72 produced 
both vi and vU to a titre of 1/128 while rabbit 76 produced A and F antibodies. 
These two rabbits received a further course using cells from a new donor, 
JYA 15, which carried the D and H antigens. Rabbit 76 produced vi' once more, 
but rabbit 72 produced. vD, VU and 'VP. 
wenty rabbits were divided into four groups and each group injectedd, 
with cells from a D positive ox, which also lacked. A, H and Z' antigens. All 
but one rabbit produced antibodies to the P antigen but only one produced 
detectable D antibodies. 
Antisera to pooled ox serum was produced in rabbits 4., 6, 8, 25 and 
27. Three courses of injections were necessary to produce a sufficiently 
Donor 	A Antigens 
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Table 2 A summary of the results of cattle transfusions and 
rabbit injections, which could produce antibodies 
to the antigens of the A system of cattle blood groups. 
high titre of antibodies. Rabbits 4 9 6 and 27 produced sera with an 
agglutinating titre of 1/128 when tested against a suspension of easily 
agglutinable ox cells, sensitized with a strong ox antibody. Sera from 
rabbits 8 and 25 had a titre of only 1/32. Rabbits 4., 6 and 27 were 
given a further course of injections of bovine gamma globulin without 
markedly increasing the titre, 
A summary of these transfusion results is given in !'r1 2. 
EXPIWI2TL RESULTS 
The Inheritance of the Antigens of the A System 
Ferguson (1941) showed in his first paper on cattle blood groups that 
the A and H antigens were controlled by genes exhibiting simple dominance. 
In this investigation two large Guernsey bull families were examined to 
donfirm this result and the data analysed separately for each antigen. 
The Inheritance of the H Antigen 
Both the bulls (PEEL and SRRL) were found to be negative for the H 
antigen. Thus, if the gene controlling the character was dominant to its 
absence, only positive dams should have positive calves. A summary of 
these two families is given below. 
H positive H negative 
Calves Calves 
H positive 
DAMS 17 4 21 
H negative 
DAMS 0 4.0 40 
17 	44. 61 
issiiy or un 
H positive H negative 
Calves Calves 
H positive 
DAMS 8 7 15 
H negative 
ns (i) 54 55 
9 61 70 
Family of FERL 
In the family of YERL the one positive calf, from a negative dam, was 
almost certainly a false registration, since the putative sire could be exolu-
dad on another reagent, anti 5A. When this result is excluded the inheri-
tance of the H antigen is seen to be controlled in a simple menda].ian manner. 
The family of SBRL had an unexpectedly large number of positive calves 
from positive dams. The calculated frequency of homozygotes for the H anti-
gen in these Guernsey herds was not more than 1, assuming random breeding 
for this character. If this assumption was correct, almost all the dams were 




Scoe H/- Score POSItIV( Score Positive Score Cells Cells Cells Cells Cells Cells 
A31 9 J88 25 AFJ39 21 4AJ4 25 J49 23 JF 27 24 
A 37 lOS J 92 27 AFJ4O 195 4AJ5 3 J 50 20 JF28 6 
A38 185 J 	10 IS AFJ4I 75 4FAI 235 155 17 AFJ6 145 
A 44 75 AJ33 205 AFJ43 225 4JA I 215 J 84 28 AF.J20 18 
A 49 IS S AJ 40 175 A.JF II 22 4JA 4 23 190 8 AFJ 25 26 
A 21 21 AJ4I 20 AJF26 23 J91 225 AFJ35 185 
F29 225 AJ42 35 FAJI4 18 AF 31 23 AFJ42 13 
F43 235 FJI9 165 FAJI7 22 Ai 31 175 FAJS 22 
F283 18 JA2I 19 FAJ28 14 FJ26 265 FAJI2 21 
Positive Score 
F 361 1 2 JA26 35 FJAI6 125 Cells FJ 28 6 FJA2I 18 
J IS 30 J 17 	30 AFJ8 	115 FJA23 	18 JA 23 22 FJA32 8 
J IC 265 AFJI4 18 FJA24 165 J21 30 JA 24 17 JFAI4 215 
J 27 9 AFJ3I 24 JAF16 20 J22 255 JA27 335 4AJI 23 
J 32 45 AFJ32 14'5 JAF2I 25 J25 33 JA28 8 4AJ3 75 
J 51 125 AFJ33 20 JFA25 10 -5 J28 205 JF24 255 4JA 2 185 
Table 3 The Hemolytic score of 85 H positive cells 
tested against serial dilutions of B7vH. 














Score of Frqrt 
The Strength of H in Heterozygous CIvs compared 
with that in their Heterozygous Parent. 
Figure 7 
of positive and negative offspring. Unfortunately nothing was known of the 
history of these herds which would throw any light on this result. 
The Inheritance of H as a Qusnttative Factor 
The lack of suitable bull families made it impossible to test the action 
of one bull's genotype in a large number of its progeny. This would have 
been very useful in determining the quantitative inheritance of H. However, 
it was possible to test the strengths of some known heterozygous animals with 
their heterozygous offspring. This is, in effect, following the expression 
of one, or a series of inherited factors from parent to offspring. 
The following parent-offspring pair's, which were known to be heterosygous, 
were tested on two occasions using the standard "Three Drop" test. 
Pair No 	Parent 	Offspring Pair No. 	Parent 	Offspring 
I 	£31 	k 44 	6 
2 	A38 	£49 	7 	3A21 	JA716 
3 	P29 	143 	8 	392 	*1339 
4 	3101 	£342 	9 	392 	A?340 
5 	1319 	YJA16 	10 	 327 	JA 26 
The scores for each pair, taken from Table 3, were plotted as shown in 
Figure 7. The difference in the agreement within and between pairs is 
analysed using an "F" test and the results are given below. 
Sum 	of Squares 	Degrees of Freedom 	Mean Squares 
Within pairs 	4.08 	 10 	 0,408 
Between pairs 	1462 	 9 	 162.4 
Variance Ratio - 397.0 
This is very highly significant (P <KO. 0i) and indicates a high degree 
of heritability for the strength of the H antigen. 
The Inheritance of the A Antiie 
Here the data from the two families was complicated by the fact that both 
bulls were positive. It was therefore necessary to assume that simple, 
dominant inheritance applied and to findd, whither the observed results differed 
from those which were expected on this assumption. A summary of the distri-
bution of the A antigen in the two families is given below. 
-r 
A positive A negative 
Calves Calves 
A positive 
DIMS 48 8 56 
A negative 
DAMS 2 3 5 
50 11 61 
amiiy of SM 
A positive ' A negative 
calves Calves 
A positive 
DAMS 58 9 67 
A negative 
DAMS 2 1 3 
60 10 70 
1emil of F..L 
The A antigen cannot be recessive to its absence, since in both bull 
families, positive dams have produced negative calves. Both bulls have 
produced negative calves and so, on. the assumption that, A is dominant to its 
absence, both animals must be heterozygous. Again assuming that A is domin-
ant over its absence, the frequency of the A gene in this population is 
0.71+3. This would give in a randomly mated population, 55% homozygotes, 38% 
heterosygotes and 7% negative animals. In the 61 dams in the SEUM bull 
family, 32 would be expected to be bomosygotes, 24 heterosygotes and the 
remaining 5 negative. The number of expected positive calves for each of 
these three classes would. be 32 9 18 and 2.5 respectively. This expected 
total of 52.5 is very close to the observed number of positive calves (50). 
Similarly the dams belonging to the family of TL would be expected to 
produce 61.5 positive calves. This result is also close to the observed 
result. 
Thus in all, 114 A positive calves would be expected, assuming the 
simple dominance of the A gene and random breeding for this character. 
Since 110 A positive calves were actually produced., there seems no reason 
to doubt the validity of either assumption. 
The Inheritance of the£t2  Antigen 
The frequency of A2 positive animals was found to be so low that it was 
impossible to present family studies. Only two Friesian and three Ayrshire 
cattle carzd the A2 antigen. This gave values for the £2  gene in these 
breeds, of 0.027 and Q021 respectively, No Jersey animal of this subtype 
was found, 
More information was available for the 473 Guernsey cattle tested for 
the A, £2 and H antigens. The distribution of the A and AN positive 
inimala with the A reagent is given below. The distinction between 
and A2 cells is not clear-cut but must be somewhere between the cells giving 
a scor. of 3 and 7 (see Figure 13). Thus between 20 and 28 animals have 
the genotype A,/A, or U-. The gene frequency for A obtained from these 
values is between 0,03 and 0.04.. 
Score with Anti-A1 	0 1 1.5 2 2.5 3 14 5 6 71 8 9 10+ ITotal 
Number of cattle 8 4 1 2 4 1 1 4 3 1 4 26 354. 4.13 
Number of H positive cattle 0 0 0 0 2 0 0 
-I 
2 2 1 0 3 
71+
81+ 
£2 Animals -> 	A, - AnimaIs 
The Distribution of the H antigen in A positive Guernsey cattle 
When the distribution of H positive cells was examined., it was fom& 
that the 15 cells with the lowest scores with anti-A 1 , that is, the cells 
which were definitely £2' were also H negative. The frequenOy of H negatives 
in the A positive class as a whole was 0.797. Thus the probability of find-
ing a run of 15 negatives in this noulation is. p = 0_741715 v 	- ', nnga  
44 
This indicates that the animals with the A211 combination are rarer than 
would be expected from the random assortment of A 1 and A2 with H. An allele 
has been observed, to be transmitted from an Ayrshire and a crossbred 
cow to their calves. 
The Inherttanoo of the D AntiRen 
Here also it was not possible to test the family of a D negative bull. 
However, the family of a bufl. (R.N.), heterozygous for the D antigen, was 
available and a sary of it is given below. 
D positive 	D negative 
Ca 	I Calves 
D positive 
Dams 	I 17 	 6 	23 
D negative 
Dams 	1 4 	 3 	7 
	
21 	I 	9 	I 	30 
Parnl.]s of R. M. 
Negative calves were produced by positive darns and so the D gene could 
not be recessive to its absence. The negative darn class produced approximate- 
ly equal numbers of positive and negative offspring. The D positive darns 
produced offspring in the ratio of three positive calves to every negative 
calf, which is the distrib.ztion expected from the mating of nnl-m.ls h.tero-
zygoua for a dominant character. Thus the presence of the D antigen follows 
the inheritance of a simple dominant gene. 
The Inhezitance of the Z' Antigen 
Only one family was found to be positive for this antigen. The Z' poal.. 
tive cow produced two calves, one positive and one negative. 	The sires of 
both calves were negative. From these fragmentary results this antigen also 
would appear to be controlled by a gene showing simple mendelian d4ii*ioe. 
ETTON SANDMARTIN- Al- H/- 
phenotype 
of dam AN 
phenotype of calf 
A 	H - total 
AN 8 I 	 I 0 10 
A 9 4 	0 2 15 
- 2 0 	0 5 7 
total 	1 19 S 	I 7 32 
FAMILY OF (YTON SANDMARTIN 
Table - 
The Association of A with Ii 
Stormont (1951)  has reported that the inheritance of A was linked to that 
of H and postulated , from unpublished results, the existence of four alleles, 
A, Al ,  AH and Aa controlling respectively the antigens A and H, A, if and the 
absence of both. Unfortunately it was not possible to test the linkage of 
A and H adequately since only one suitable bull family was available. 
Byton Sandmartin was the only bull, which was found to be hsteroeygous 
for both the A and H antigens. Where the dams in this family were negative 
for both characters, it was possible to test the inheritance of the two 
characters using the classical back-cross method. The results for this 
family are atenu&riaed. in Table 1 and give an indication that the genes 
controlling these factors are linked in coupling. In this family there were 
seven back-cross matings in which the inheritance of the bull's antigens 
could be examined in its offspring. All seven calves were either negative 
or positive for both antigens. In the Cold Norton experimental herd there 
were also three oases ithere a cow, which was known to be heterozygous for 
both A and H antigens, was mated to a negative bull. Two of the three 
calves produced were A and H positive and the other was A and H negative. 
Thus in ten cases, the calves belonged to one or other of the parental pheno-
types and not one showed that segregation had taken place between A and H. 
If the A and H genes segregated indepndantly of each other, as many 
non-parental as parental phenotypes would be expected, 
Thus: 	 Parental 	Non-Parental 
Type Type 
Observed 	 io 	 0 
Expeoted 	 5 	 5 
-r 
Number of Animals in Phenotypio Classes Animals Probability of 
Breed tested Independent 
A All If Negative Segregation 
Ayrthire 71 27 1 31 130 < 0.01 
Friesian 15 12 1 19 47 0.001 
Jersey 5 33 0 0 38 - 
Guernsey 329 84  0 60 473 c 0.001 
Shorthorn 13 1 0 3 17 0.7 - 0.5 
Crossbred 134 167 2 45 348 <C 0.001 
Total 566 324 4 159 1053 <c 0.001 
Table 5 The number of animals found to carry A and H antigens in different 
breeds of cattle. 
ii the Yates corrcotion for small numbers this becomes, 
Parental 	Non-Parental 
Type Type 
Observed. 	9.5 	 0.5 
Ixpected. 	 5 	 5 
2 	(Observed-Expected.)2 
x = Expected 	x 8.1 for One Degree of freedom 
The probability of this happening by chance is <0.01. 
More information was obtained on the association between A and H from the 
examination of the phenotypes of over a thousand animals tested for both these 
antigens. The animals were classified according to their breed and the 
results set out in Table 5. 
On the assumption that, the gene controlling A segregates independently 
from the gene controlling H, it is possible to arrive at the number of 
animals expected in each phenotypic class for each breed using only the 
frequencies of the antigens and the total number of animals tested in each 
class. It is then possible to test whether the observed figures fit this 
assumption. 
The method is set out in detail for the Friesian breed.. 
H- Totals for 
Observed Expected Observed Expected A Antigen A Frequency 
A... 12 	7 15 	20 27 0.57 
A- 1 	6 19 	14 20 0.4.3 
Totals for 
H Antigen 13 34. 47 	Grand. Total 
Frequency 0.28 0.72 
Number of Friesian Cattle in Each Phenotypic Class 
Probability of 
Breed Total Independent 
Negative A D AD AR DR ADH ADZ' Tested Segregation 
A and D D and }T 
Ayrshire 0 5 34 85 7 0 23 0 154 0.05 0.001 
Friesian I 7 22 12 3 2 10 0 57 0.01 0.9-0.8 
Jersey 0 6 0 	1 14 0 25 0 46 - ).02-0.01 
Shorthorn 0 1 5 	16 0 0 1 1 24 0.7-0. 0.7-0.5 
Aberdeen-Angus 0 0 0 	10 0 0 0 0 10 - - 
Crossbred 0 13 36 	76 31 3 94. 0 253 0.001 0.01 
Total 1 32 97 200 55 5 153 1 544. <0.001 <0.001 
Table 6 544 cattle grouped according to breed and A system phenotype. 
The probability of the independent segregation of D with A 
and H is also given for each breed. 
Expected Number in All phenotype = 0.57 x 0.28 x 4.7 = 7 
A phenotype = 0.57 x 0.72 x 47 a 20 
H phenotype a 0.43 x 0.28 x 47 a 6 
Negative phenotype a 0.43 x 0.72 x 4.7 a 14 
2 	'(Obaerved - Expected) 2 
Expected 
10.9 for one degree of freedom 
The probability that this could happen by chance alone is given as 
p a 0.001. Thus the original assumption, that A segregates independently 
of H. does not fit the observed frequencies of the phenotypic classes. 
Table 5 also gives the probability of independent segregation of the A and H 
antigens. The Ayrshire, Friesian and Guernsey breeds show a marked diverg-
ence from the expected frequencies of the phenotypic classes. However, it 
was impossible to make any definite statement for the Jersey and Shorthorn 
cattle, sines the numbers were too small and both breeds showed a preponder-
ance of one phenotype. 
The Association of D with A and ii 
Stormont (1961) has shown that the D gene is linked with the A and H 
gene to form the A allelic system. Unfortunately this could not be confirmed 
by backoross matings in this investigation. Only one cow, a Friesian, was 
found to be negative for the A s D and H antigens. 
A eusmary is given, in Table 6, of the antigens of the A system found 
in over five hundred animals. The Guernsey cattle and a proportion of the 
animals of other breeds appearing in Table 5, were not typed for the D and 
Z' antigens, since the appropriate reagents were not available at the time 




The A System Iienotypic Classes Total 
Breed 
A A D AD All ADH 
Deviation -'4 +6 +28 -9 -21 
- 
X' 1.8 1.3 13.8 5.1 10.0 32.0 
Deviation +4 +12 -'9 -3 -6 
Friesian 
2 
I 5.3 14.4 3.9 1.5 2.2 27.3 
Deviation +3 -8 -16 +9 +12 
Jersy 
3.0 8.0 15.1 16.2 11.1 53.4 
Deviation 0 +1 +7 -2 -.6 
Shorthorn 
0.0 	- 0,2 5.5 2.0 5.1 12.3 
Deviation 1 -2 +6 -1 -3 
Angas 	- x2 0.6 2.0 9.0 1.0 - 3.0 15.6 
Deviation -2 -10 -18 +5 +22 
Crossbred 




Table J The deviation of the observed number from the eqeoted number 
of animals in the Phenotypio classes of the A system on the 
assumption that there is no sinificent difference between 
breeds. 
From the phenotypic frequencies of the antigens it was possible to 
calculate the probability of independent segregation of D from A and H 
using the same method as previously. In both cases there was a wide 
divergence from the values which were expected on the assumption that D 
segregated independently from both A and H. 
Breed Heterogeneity for the A system 
The data in Table 6 show that the frequencies of the A, D and U anti-
gene, in different breeds vary to a considerable extent. To test the 
significance of this, the expected number of animals a in each phenotypic 
class of each breed was calculated on the assumption that no differences in 
phenotypic frequency existed. This number was then compared with the 
observed figure. 
For example: On the assumption that there were no differences between 
breeds in the frequency of the A phenotype, the expected number of Ayrshire 
cattle of the A phenotype = 
Total No. of .Ayrshjre cattle tested x Total No, of cattle in A phenotype class 
Total No. of cattle tested 
15i x32 
- 537 	-9 
but the observed number of cattle in this class a 5 
2 (59)2 
=1.8 
Table 7 gives the deviation of the observed number from the expected 
number and the resultant x2 . The DU, ADZ' and negative phenotypic classes 
were not considered, since they contained only seven animals spread over the 
lix breeds. 
The results show an excess of AD animals and a shortage of H positive 
animals in the Ayrshire, Shorthorn and Aberdeen-Angus breeds. The Jersey 
and crossbred classes have fewer D and AD animals and more K positive animals 
than the average. The Friesian breed is quite different from the others 
having an excess of anima3a in the A and D classes and a shortage of AD 
There is a strong similarity between the results for the Jersey and 
crossbred group. This may be explained by the tact that io% of the cross-
bred animals had a Jersey parent and only 8% had no Jersey blood. Since 
there is a high frequency of A and H homosygotes in the Jersey breed., the 
half Jersey cattle resemble their Jersey parents phenotypically. 
The total x2 a 14.2 for 10 degrees of freedom. This gives a proba-
bility of less than 0.001 that the observed phenotypic frequencies occur 
in this manner by chance. Thus great heterogeneity was found between 
breeds for the antigens of the A system. 
Breed Antigen Number of Animals Tested Negative 
Gene 	Standard 
Frequenr Error 
Ayrehire A 155 121 	34 0.532 	0.035 
1) 154 142 12 0.721 0.039 
H 157 31 	126 0.102 	00018 
V 154. 
-I- 
0 154 <0.003 0.003 
Friesian A 57 32 	25 0.337 	0.050 
D 57 46 11 0.561 0.060 
II 57 15 	42 0.141 	0.034 
V 57 0 57 c0.009 0.009 
Jerwq A. 46 46 	0 1,00 	08074 
D 46 24 20 0.34.0 04058 
11 46 39 	7 0.610 	0.068 
L I 46 0 46 cO.O1O 0.010 
Shorthorn A 24 19 	5 0.544 	01091 
D 24. 23 1 0.796 0.100 
N 24 1 	23 0.020 	0.020 
V 24. 1 23 0.020 0.020 
Aberdeen- A 10 10 	0 1.00 	0.100 
Angus 
D 10 10 	0 1.00 0.100 
H 10 0 10 0 	0 
V 10 0 	10 0 0 
Table 8 A Summary of the frequencies of the Antigens of the A system 
found in five breeds of cattle. 
freguenpies of the Alleles at the A locus in Different Breeds of Cattle 
Usin; the phenotypic frequencies found in Table 6 9 it is possible to 
calculate the frequencies of the genes controlling the individual antigens 
As  D, H and V. 
For example: The bloods of 155 Ayrshire cattle were tested for the 
A antigen, 121 were found to be positive and 3 negative. An estimate of 
the gene frequency of A is then made using the Hardy-Weinberg Law. The 
use of this formula makes it necessary to assume that the population was in 
genetic equilibrium. This law is taken from Dobihansky (1951) and states 
that: 
homozygotes have a frequency a q2 
heterosygotes have a frequency a 2q (1 - q) 
and negative animals have a frequency a (i - q)2 
where q a gene frequency 
Thus the frequency of A negatives a (i - q)2 a 	a 0.219 
I - q a 0.468 
The gene frequency of A = q = 0.532 
)2 
The atand.ard error is given as 	lfn 
where ri is the number of animals tested. 
•, The standard error of A 	620 	
0.035 
A summary of the gene frequencies found for the five breeds of cattle 
tested is given in Table 8. 
To find the best model to fit these frequency data, the possibility 
that the A, D and H genes segregated independently was examined. Using 
this hypothesis it was possible to calculate the expected frequency of each 
Thetyps 
A1yz'ahirs 








Number ted No. 
2 
Negative 0 2 2.0 1 4 2.3 0 0 
A 5 7 0.6 7 5 0.806 33.0 
D 34 26 2,5 22 16 2.3 0 0 
H 0 0 0 0 1 1.0 0 0 
AD 85 90 0.3 12 20 3.2 1 4 2.3 
LII 7 2 12.? 3 1 4..0' 14 17 0.5 
DII 0 6 6.0 2 5 1.8 0 0 
AM 23 21 0.2 10 6 2.7 25 22 0.4 
Total 154 1% 24.1 57 57 	0.1' 46 46 6.2 
TAW 	A comparison of the number of kn1I1s  observed in the 
phenotypio slaues of three breeds of cattle, with the 
number expootad assuming independent segregation of the 
As D and H genes. Asterisks indicate significant 
values of x2. 
phenotype for the different breeds aid compare this with the observed value. 
The Shorthorn and Aberdeen-Angus breeds were not used since the aaaples were 
too small to be of value. 
Thus in the Ayrshire breed the frequency of A negatives = ( i-0.53) = 0.21 
D negatives a (1..0.73) 0.07 
H negatives a (1.0.10)2 = 0.81 
:.The expected frequency of animals negative for all three antigens 
a 0,21 x 0.07 x 0.81 
= 0.012 
Thus the number of animals in this class, in a population of 15 
a 0,012 x 15 
=2 
However no animals were observed with this phenotype in the Ayrshire 
breed. The probability that this could have happened by chance is given as: 
2 (Observed-Expected.)2 22 
Expected 	a 	m 2 for one degree of freedom 
P a 0.2 - 00 
Table 9 gives the observed and expected values for all possible pheno-
types in the Ayrshire, Friesian and Jersey breeds. The total x for the 
Ayrshire and Friesian breeds is highly significant. This indicates that 
the hypothesis of independent segregation of the A, D and H genes is unten-
able. 
The other simple hypothesis, which was examined to find, the best model 
to fit these frequency data, postulated that the A, D, H and Z' antigens were 
controlled by alleles at a single locus. The demonstration of linkage between 
A and H, recorded above, supports this theory and Stormont (1961) has reported 
linkage between all four of these genes, 
CD 
Ims A. 
On this hypothesis it is evident that alleles must exist which control 
more than one antigen, since the sum of the frequencies in both the Ayrshire 
and Jersey breeds exceeds unity. The heterogeneity for the different breeds 
of cattle tested in this investigation made it necessary for the frequencies 
of these alleles to be calculated separately for each breed. 
The Ayrshire Breed 
Assuming that there was random assortment, the frequency of AD negative 
Animals should be r (0.7 x 0.28)2 	0.0173 or 3 animals in a sample of 154. 
This gave a probability of 0.1 that a negative allele was present, and a 
frequency of '0.080 for this allele. If the possibility of a negative 
allele is ignored, there are 34 homozygous D animals and 5 homosygous A &dinals 
Frequency of the allele AD 	= 0.7 
and the allele A I 	 = 0.18 
Turning to the H antigen, it was noted that, not one of the an1m1s 
tested had the H antigen without the A antigen also. when the distribution 
of the H antigen was investigated in the 46 animals which had either A or D 
but not both, it was found that the occurrence of the H antigen was dependent 






-D+ 	0 	34 34 
A+ D- 	7 	5 12 
7 39 1 46 
The Distribution or the H Antigen in a-al-owls positive for A or D 
2 (0.5 x 5,5 — 6,5 x 33.5 )2 x 46 Applying Yates Correction: 1 	 7 x 39 x 34i x 12 	
* 106 
The probability of this happening by chance is p << 0.001 • Thus H is 
associated with A and not D in this breed.. 
As the gene frequency of U z 0.10, the frequency of the allele AAII 	0.10. 
Thus the frequency of the alleles LA + AD + A 	0.18 + 0.4.7 + 0.10 
0.75 
The gene frequency of D = 0.72. 0.4.7 of this is produced by the 
allele leaving 0.25. Similarly, 0.25 of the frequency of the A gone is as 
yet unaccounted. for. Since this is also the value for the frequency of the 
AD remaining alleles, 0.25 must be the frequency of the A allele. Thus in 
the Ayrshire breed there are four common alleles of the A  system LA, AD, 
All A, A with frequencies of 0.18, 0.4.7, 0.10 and 0.25 respectively. 
The phenotypes and the number of animals, in each phenotype, produced 
by these alleles, can be calculated for a population of 154. 
For example: The number of ani mals,of phenotype A a (0.18)2  x 154 
-5 
Phenotype 	Expeoted. 	Observed 
of Animal Number Number 
	
A 	 5 	 5 
Al! 	 7 	 7 
D 	 35 34. 
ID 	 85 	 85 
IDE 	 22 	 23 
Thus this modal, which envisages four common alleles LA ,  AD, A and 
AAR appears to be the best fit for the observed phenotypes. The alleles LA 
and AD  have been observed in this breed.. The allele A111 has been shown to 
exist from linkage data and only the AAD allele has been inferred from the 
frequency data. 
The Friesian Breed. 
In this breed seven phenotypes were found. The existence of an Animal 
which was negative for a11 antigens gave a frequency for the negative allele, 
A' = 0.13. 
Comparing the number of DH to D phenotypes, it was inferred that the AD 
allele was about twenty times more common than ADH.  it was therefore 
unlikely that the two DH phenotypes were homozygous for the AM  allele and 
that there was more than one ADH  allele in the AM phenotypic class. Thus 
the number of ADH  alleles in this population was three. Therefore the 
frequency of APH 	3 • 0,03. 
114 
No indication was found that the AN  allele existed., while, it was known 
that, the occurrence of the N antigen was strongly associated with the A 
antigen. If the AAM  allele was assumed to be of very low frequency or 
AH absent, the frequency of the A allele must equal the gene frequency of H 
minus that already allotted to the AM  allele. 
• . . Frequency of AAR  • 0.14. - 0,03 
= 0.11 
The other possible alleles are A, AD  and LAD. 
If the above assumptions are correct their conbined frequencies must 
equal 1.00 - (0.14. + 0.03 + 0.12) 0.73 but 
+ LAD a frequency of the A gene - Frequency of A allele 
a 0.34 - 0.11 a 0.23 
Similarly AD + LAD 0.56 0.03 = 0 .53. 
.. the frequency of LA 5 0.20 
D A .0.50 
AD A .0.03 
The expected number of animals in each phenotypic class given by these 
frequencies are: 
















Although the differences are not significant, the zod*l allelic series 
has produced fewer .ADH, Dli and A phenotypes and more AD, AM and D phenotypes 
than were actually observed. This could be due to a dsteotable number of 
ADH 
alleles and. a proportionally smaller number of AAD  alleles. If these 
amendments are introduced into the genetic model. The frequencies of the 









The number of animals in each phenotypic group, given by these revised 
frequencies are: 
Phenotype Exoted Number Observed Number 
negative 	 I 	 I 
	
A 	 6 	 7 
D 22 22 
DR 	 2 	 2 
AR 3 3 
AD 	 13 	 12 
ADH 10 10 
Phenotype  
or Dan 
Phenotype of Cells 
Mai 
ADH  
A 0 	 2 2 
D 2 	 1 3 
AD 1 	 1 2 
AU 0 	 2 2 
AN 0 	 1 1 
Total 3 	 7 10 
Tsb.e 10 The Paai]y Of G.W. showing anti-
gens of the A system present in 
aaa and calves. 
a 10 
Both these model allelic serie5 give phenotypic frequencies which do not 
differ significantly from the observed values. However, the latter is a 
*loser fit and may form the basis for future work on this breed. 
The, Jersey Breed 
In this breed one bull family (J.) was found to be of interest. The 
bull was found to carry the A l D and H antigens and the phenotypes of the dams 
and calves belonging to this family are given in Table 10. The bull produced. 
three A negative calves and was therefore heterozygous for A. All its 
calves were both B and H positive. The probability that the animal was 
homozygous for these genes is 1/16 for D and 1/128 for H. Assuming Storaont's 
hypothesis of an allelic system for these characters, the most probable geno-
type for the bull is A/A. 
Thus one A negative allele has been demonstrated in the Jersey breed 
reducing the frequency of the A gene to 0.99. To produce a genetic modal 
for the alleles of the A system in Jersey cattle, the frequency of the negative 
allele was assumed to be insignificant since the frequency of the A gene 
approached unity. 
The frequency of the A alleles must also be very small and the allele 
demonstrated is probably the only one present in this population, therefore 
Frequency of A DH  a 1.  a 0.01. 92 
On the assumption that there are no negative alleles, the six animals 
which only carry the A antigen must be homoaygoue for the A gene. 
A J-6 .•. frequency of A = 
	
= 0.36 
Of the remaining 0.63 of the alleles, 0.60 contain H 
Frequency of AAl) E 0.03 
Possible 4]3alie Prequençr 
Alleles Cesa*ts _________________ 
Friesian 	Ayrshire Jersey  
A  0114 0 0 Observed psnotypieal]y. 
0919 0.18 0.3 Observed phenotypieal]y. 
AD 0.1 0.4.7 0 Observed pbenolypioally, 
AN  0 0 0 Noeviaabesnfound 
for the existence of this 
AD 
allele, 
0 0.25 0.03 Deduced from trequeny 
data. 
AAH 
0.09 0010 0.29 Observed in Ayrshires. 
0.03 0 0.01 Observed inPriesiana 
and Jerseys. 
ADII A 0003 0 0.32 Observed insJ.rsbU. 
Z' Alleles 0 0 0 One positive Animal 
(Shorthorn) found. 
table 11 Frequencies of the Proposed Alleles at the A locus in 
three breeds of oattle. 
AR.ADH 
The other possible alleles are A and A 
AH AN + A 	- 0.60 of which 0.31 must contain D 
. 
..A 	- 0.29 
AD and.A H  .0.31 
The number of animals expected in each phenotypic class, using this 
audio model, fits exactly with the observed numbers. 
Table 11 gives a summary of the frequency of the probable alleles 
found in the Ayrshire, Friesian and Jersey breeds, live of these alleles 
are common in one or other of the breeds investigated. Of the others, the 
A 
DR  allele is known to be present at low frequencies. AR and alleles 
producing the Z' antigen were not found in these breeds. However, one 
Shorthorn had the phenotype ADZ'. 
DiapuaBjon of the Genetics of the A System 
The results of this investigation confirmed Ferguson' B (i%i) originsl 
finding that both A and H were controlled by genes which were dominant over 
their absence. The results obtained for D and Z' are also compatible with 
the hypothesis that these antigens are controlled by simple dominant genes. 
An association between A and H was demonstrated which was highly signi-
ficant for the Ayrshire, Friesian and Guernsey breeds. Similar associations 
were found for A and D in Ayrshire and Friesian cattle and for D and H in 
Ayrshire and Jersey cattle. 
The little family data which were available supported Stormont's view 
that the inheritance of A and H was controlled by genes at the same locus. 
Stormont has also claimed that H did not occur without A in the Guernsey 
breed, and this was born, out by the above results. 
However, in the Friesian and Jersey breeds some animals were found 
which were positive for H an4egative for A. This was not in accordance 
with Stormont' a findings for the American Holstein-Friesian and Jersey cattle. 
The frequency of the H gene in the Holstein-Priesian cattle In America 
was reported by Owen at *1. (194.7) to be 0.064. This is such lower than 
the frequency (O.I41) obtained for the Friesian cattle tested in this investi-
gation. The frequency of the A gone was also different, 0.27 and 0.34., for 
the American and British Priesians respectively. From these results it 
appears that these two forms of the Friesian breed have diverged to a consider-
able extent in this system and other differences particularly in the B system 
may be looked for with interest. 
Owen at a].. (1947) have also investigated the red cell antigens of 
Guernsey cattle and gave the frequencies of the A and H genes as 0.632 and 
0.080 respetiveiy. 	ThTs is very close to those found for the thternaey cattle 
tested in this investigation (0.64.2 and 0.098 respectively) and indicates 
little divergence from the original torn of Guernsey animal. 
The results have shown that the ChR.nnel Island breeds have a higher A 
frequency than that reported for any other breed.. However, Jersey cattle 
are easily distinguished. from Guernsey animals by their very much higher 
frequency of H and ftmont (1958) has demonstrated that their commonly 
occurring B pheriogroupa are also distinct. 
Unfortunately, little information is available on the frequency of the 
H antigen in the Continental and Scandinavian breeds but they are wen 
documented for the A antigen. Sorensen (1958) found an A frequency of 1.00 
in the Danish Jersey cattle • For two other well established Danish dairy 
breeds S.D.M. and R.D.N. he found frequencies of 0.22 and 0.24., resembling 
the A frequency (0.34.) obtained for the Friesian breed in this investigation 
and that reported by Bouw (1958) for the Dutch black and white breed (0.28). 
However, Rendel (1958D) found a much higher frequency (0.38) for the Swedish 
Friesian breed which is much closer to the figure for British herds tested in 
this investigation. 
Another Swedish breed, S.R.B., originating from the admixture of Ayr-
shire, Shorthorn and the ancient Swedish cattle was reported by R.ndel 
(1958D) to have a frequency of 0.42. Here also there is a resemblance to 
the frequency of the A antigen in the Ayrshire cattle of Holland. and Britain 
(0.9 and 0.53 respectively). 
Thus there is general agreement on the frequencies of A for the main 
dairy breeds throughout Northern Europe and it would be of great interest to 
obtain similar measurements on the frequency of H. 
(00 
Fewer surveys have been carried, out for the D and L' antigens. Stormont 
and Suzuki (1956) found that the frequency of D gene approached unity in the 
Ayrshire, Holstein-Friesian and Brown Swiss breeds but was lower in the Channel 
Island eattle, 0.72 and 0.66 for Guernseys and Jerseys respectively. The 
frequencies of British cattle follow this pattern, but appear to be much lower. 
In Arshires it is 0.72 and Jerseys only 0.31. The British Friesian breed 
again differs from the Holstein-Friesians with a frequency of 0.56. The 
frequencies of the D gene in the Danish R.D.K. and Jersey breeds have been 
reported by Larsen (1960) as 0.79 and 0.63. The result for the R.D.M. breed 
the 
is closer to the figure obtained for/British Ayrshire breed than to the 
American figure. However, the Danish and American Jersey breeds agree 
closely in their frequencies. 
The Z' antigen appears to be characteristic of the Channel Island breeds. 
Stormont (1950) found no positive cattle in the Holstein-Friesian breed and 
only a frequency of 0.02 in the Guernsey breed. Sorensen (1 958) found the 
R.D.N. breed to be entirely negative while the Jersey breed had a frequency 
of 0.03 for the Z' gene. 
The results of this investigation confirm the findings for the Ayrshire 
and Friesian breeds. However, all the Jersey animals tested were also fbund 
to be negative. The antigen was found to occur in the Shorthorn breed, but 
no other survey has been carried out for this breed. 
Stormont (1961) has postulated nine alleles to control the four known 
antigens of the A system. These are A\ AD , AAID AA2D , AIIH APR, 1A2DE AA1 DH 
and AAID2Z. It is probable, however, that although these alleles are an 
accurate estimation for the American breeds, it is a quantitative rather 
than a qualitative statement, and the model must ignore other alleles which 
may be present at low frequencies. 
Differences in the strength of the D antigen, as postulated by 3tormorit' a 
division into 1) and D2 subtypes has not been confirmed.. If the D 2 subtype 
is only associated with the Z' antigen, further investigation of this point 
must await the discovery of more Z' positive animals. 
Two alleles which have not been mentioned by Stormont were found in this 
investigation. An AA2!i allele was observed for Friesian cattle but with a. 
frequency of less than 0.01. The negative allele (A s) which was also found 
in the Friesian breed is of particular interest since this indicates that the 
system is not closed as suggested by Stormont and there is the possibility 
that another antigen may yet be found in this system. Larsen (1960) has 
also found negative alleles in the S,D.1L. breed and this is another point of 
resemblance between the Danish and British black and white cattle. 
In his analysis of the frequencies of the A and D genes in the R.D.M. 
breed, Larsen found that the sum of their frequencies was unity. Since 
there were no animals negative for both antigens, he postulated a closed 
allelic system consisting of the A and D genes, similar to the PT system in 
cattle and the MN system of man. However, this does not take into account 
the existence of animals which were also positive for the H gene and it is 
necessary to postulate four alleles, AA, A
AB  , AD and.  AD". Since other 
alleles are known to occur, in other breeds, it is inaccurate to describe 
this as a simple closed allelic system and should be considered as a special 
case of a multiple allelic system which, in this particular breeding group, 
is represented by only four alleles. 
Larsen has also reported finding the AH allele in tire. Indian breeds 
of cattle. This is of great interest since the allele doss not appear to 
be found in European breeds • The discovery completes the allelic series 
2. 
for the A system, excluding,for the pront the A 2 an d r. 2 subtypes an the Z' 
antigen. With these exceptions, all possible combinations of the A t  1) and 
H antigens are now known to be inherited as single units. 
The rarity of the Z' antigen will make it of limited use in distinguish-
ing the different alleles of the A system, unless Stormorit's (1961) claim 
that it occurs only In conjunction with the A 1 and 1)2  antigens can be sub-
stantiated. This would make the recognition of A and D in the homozygous 
condition such easier in the animals positive for the Z' antigen. 
Rendel 0958A) has shown that there is some evidence to support the 
theory that the Z' gene is on the same chromosome as the B alleles. Since 
this investigation was carried out, the Z' antigen has been placed in the 
A system. It may prove, therefore, that the A and B systems are controlled  
by alleles on the same chromosonie • Further family studies are required to 
elucidate this point. 
It is of interest to note that there has been only one pair of alterna-
tive genes (P and v) discovered in cattle blood groups. In human blood 
group systems these pairs are the rule rather then the exception, even in 
the Rh system, which approximates in complexity to the B system in cattle. 
This seems to be a real difference between cattle and human blood groups. 
Although no organised search has been carried out for antisera which will 
demonstrate the presence of the alleles for which no antigenic expression is 
known, some should have been produced accidentally in the large numbers of 
transfusions carried out all over the world. It is surprising, for example, 
that an anti-a, has not been produced in transfusions carried out in Ayrshire 
herds where the frequency of the A homozygous, animals is high and they must 
quite frequently be used as recipients of heterozygous blood. A similar 
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Strength of their H Antigen 
Figure 8 
36 
The Phenomenon of Gene Dosage for the Antigens of the A System 
The phenomenon of gene dosage has been shown to occur for several blood 
group characters including F, V and Z. In these oases some antisera have 
been found which will give appreciably higher titres with cells from homo-
sygous animals compared with the titre produced with the cells of hetero-
sygous animals. 
Such a method for the detection of homozygoaity, after it has been 
proved reliable, is of great practical use. Using geneticsl techniques, 
the homosygosity or an animal can only be inferred on a probability basis. 
This could require large numbers of progeny and is only practicable for bulls. 
The probability of heterosygosity of a bull is given as p 1/2r, where 
n is the number of positive offspring produced from negative dams. All the 
offspring must, of course, be positive since one negative proves the hetero-
zygosity of the animal in question. Thus a reliable serological method has 
much to recoimnend. it. 
The Effect of Gene Dosage on the Expression of the H antigen 
The result of testing 85 H positive cattle on two occasions against 
serial dilutions of B7vH in a. standard "Three Drop" test is given in Proto-
ools I and 2. The average hemolytic scores are llected in Table 3. The 
known h.terosygotes are designated IV.- while the positive animals were those 
whose genotype could not be determined. A histogram (Figure 8) shows the 
animals grouped according to their hemolytic score. 
The 50 heterosygotes had a mean score of I6.316.78 (standard deviation) 
The 35 positive animals had a mean score of 19.837.50 
Difference of Means 	= 3.52 * 2.18 ), The "t" test Standard Error of Difference I .3 
Hemolytic Strength classes 
Clue  
1-6 7-12 13-18 19-24 25-30 31-36  
Rpositives 6 12 20 33 11 3 85 
HHeteroiygot.s 5 8 13 20 4 0 50 
ResiUPositiis I 4 7 13 7 3 35 
Zzpseted Distribu'. 
tionoflietero&y- 
got.s with so 12 19 6 2 50 
gene dosage 
Zxpeot.d Distribu- 
tionofl4. 1 2 4 6 1 0 14 
Heteroygot.s 
:. Nxpmftod Distribu- 
tion ofR,ac,eys 0 2 3 7 3 21 
In Resiu&l Class 
Table 12 The expected and observed distribution of fl het.roqgotes 
and hmwmvgotes into hemolytic strength classs. 
zpeoted 
7requiq Mi 
$r'eed Of No. Known 
Ugs  Tested 11/u. H/ 	1i1 
Ayrshire 0.116 0.063 6 6 6 	0 
Friesian 0.192 0.119 4. 4 4. 	0 
J.rsçy 0.621 0.819 19 8 ii 	8 
A  0.023 06011 1 0 1 	0 
A 	J 0.4.89 0.4.77 11 6 7 	4. 
P - J 0.396 0.326 5 1 4. 	1 
Remainder 0.332 0.250 39 25 31 	8 
Total 85 50 64.21 
Table 13 The Expmted Nuier of An' wi1, Moaoyus 
for H in Breeds and Grosses. 
This is a zignificant difference. The probability of these two groups of 
animals being in the same class is less than 5% for 83 degrees of freedom. 
Table 12 divides the 85 positive cells into classes based on hemolytic 
strength. The observed number of heterosygoue animals in each class is 
shown. The expected incidence of these heterosygotes in each class is 
calculated on the assumption that there is no dosage effect. The number of 
heterosygotes expected in each class 	x total no, in each class. As 
can be seen from Table 12 there are more heterozygotez with low scores and 
fewer with high scores than would be expected on the above assumption. 
The residual class of positive cells is composed of a mixture of hetero-
zygous and homozygous animals. The number of homozygotea likely to occur in 
a randomly selected group of positive animals can be estimated from the U 
gene frequencies of the different groups of cattle. The number of ho*ozy-
gotes expected among the 85 animals tested is taken from Table13. 
On the basis of these calculations, only 21 of the 35 in the residual 
class are likely to be homozygous. Table 12 shows the expected distribution 
of the 14 possible heterozygotes in the residual class. This is estimated 
from the frequency of the observed heterosygotes in these classes. The 
expected distribution of the homosygotes can then be found by subtraction of 
the 14 heterosygotes from the total number of residual animals in each strength 
class. 
The estimated mean score for these two classes were found to be: 
Hetex'osygotez - 16.7 Standard deviation 5.9 
Homosygotes - 22.4 Standard. deviation 6.9 
The Nt*  test gave a probability of these classes belonging to the same 
population as 0.02. 




9 15 27 
0400 	0.160 	0.260 	o400 0.000 
3 0.100 00010 0.016 0.026 0.040 0.006 
9 0.160 0.016 0.026 0.042 0.064 0.013 
15 0.260 0.026 0.042 0.068 0.104 0.021 
21 00400 0.040 0 .06 0.1011 0.160 0.032 
27 - 0.080 0.008 0.013 0.021 0.032 0.006 
Table 14 The Iqeotod ?requenqj of 
Roaoygoui Ani m*1 $ in the  
Strength Classes, deduced 
from the frequomw of the 
Single Allele in these Classes. 
Now Score of 
Strength Classes 3 	9 	13 	21 	27 33  
Fz'equon( 	of 
in Residual Class 0,000 	0.080 	0.160 	0.320 	0.270 0.170 
PrequenQy of H/ 
strongest Allele 0.010 	0.058 	0.204 	0.576 	0.154. 01000 
Bxpresaed 
Mom 800reof 
Strength Classes  6 	12 	18 	21, 	30 	36 	42 48 	54 
7quenr of JVI'.' 
Alleles Additive 0,010 0.032 0.078 0.16 	0.212 	0.202 0.064 0.006 
Thble 15 Theoretical frequencies of 
A1 1i Hoaoygoue for H in the 
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Figure 9 The observed frequency of H heterozygous animals, and 
the observed and theoretical frequencies of H homozygous 
animals, grouped according to the strength of their 
reactions with H antisera. 
It is interesting to speculate on a possible genetic model ibr this dosage 
phenomenon. There are two possibilities, envisaging simple models which 
have been tested here. 
The first possibility supposes that there is a simple dominance of the 
stronger allele in the homozygous condition. Using this hypothesis, the 
expected frequency of the homozygotes in each strength class can be found from 
the products of the observed frequencies of the single alleles in these classes. 
These expected frequencies for the hoinozygotes are obtained from 
Table 14. For example, the expected frequency of homosygotes in the strong-
eat class a 2(0.008 + 0.013 + 0.021 + 0.032) + 0.006 = 0.154. The data are 
set out in Table 15. A x 2 of 14.15 for these figures puts the probability 
that the dosage effect is due to the expression of the strongest allele at 
less than 1%. Thus, there appears to be an interaction between the H 
alleles to produce a stronger H antigen than would be expected if the expression 
of one masked the other completely. 
The second hypothesis to be tested envisages the simplest possible type 
of interaction. This is an additive effect in which the score produced by 
the alleles in the homozygote is the sum of their scores when acting independ-
ently. The frequencies are once more calculated from Table 14. and the dis- 
tribution of the homosygotes in the strength classes is shown in Table 15. 
A x2 of 21.5 gave a probability of less than 1$ that the dosage effect was 
due to a simple additive effect. 
A graph (Figure 9) demonstrates the divergence of these theoretical 
frequencies from those calculated for the homosygotes in the residual class. 
It was therefore necessary to assume that both of 'Lose simple hypotheses 
were incorrect and the data could not respond to the crude treatment which 





















Ad 16 245 AJ29 is 26 J18 IS 26 J43 20 27 
AFJd 14 255 AJ33 15 26 J2I 195 26 J45 lB 25 
F  145 26 AJ39 IS 255 J25 19-S 28 J47 185 28 
F&jd IS 25-5 AFJI6 14 255 J26 205 29 J48 IS 30 
JFc9 16 25 AFJ40 15 25 J30 20 26 J50 175 27 
JAFd 145 24 AFJ44 Is 26 J32 18 27 
FAd' 14 25 FAJ29 14 26 J33 lB 26 
JA30 145 24 FAJ33 14 24 J34 16 27 
A37 145 225 JFA26 13 24 J35 185 255 
F43 17 25 4AJ1 17 26 J40 185 28 
Table 16 The hemoly-tio score of 35 A positive cells tested 
against serial dilutions of an Ox vA (96vA), and a 
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The Distribution of 35 Animals according to the 
Strength of their A Antigen 
Figure 10 
24 	25 
The Effect of Gene Dosage on the Strength of the A Antigen 
Irwin and Stone (1952) reported the discovery of an A antiserum which was 
able to detect differences between homozygous and heterozygous cells. However 
no data were given and there has been no other published reference to the dis-
covery of another dosage reagent. In this study, two A antisera were used. 
One of these was an iaoiimnune antibody, 96vA while the other was a h.t.roimaune 
form produced in a rabbit, R-T134vA. 
Cells of the A subtype from 20 known h.terozygotea and 15 possible hoino-
sygous animals were tested with both sera, using the "Three Drop" heinolytic 
test. The 15 possible hoinozygotes were all of the Jersey breed, since the 
frequency of homozygotes was expected to approach 100% from a consideration 
of the frequency of the I gene in this breed. Thirteen of the h.terosygotes 
had received their A gene from a Jersey parent. The other seven animals were 
of Ayrshire and Friesian stock but did not differ from the Jersey animals in 
their average score with the rabbit antiserum and gave slightly higher scores 
with the ox anti-A. 
The results of this test are given in protocols 3 and 4 and are summar-
ised in Table 16. A histogram of th4Leaolytio scores of the two groups 
(Figure io) demonstrates their dichotomy. Using the 96vA serum the mean 
	
scores were Heterozygotea 	- 14.9O.94 (Standard Deviation) 
Positive Jerseys - 18.71.23 
Similarly the mean scores using the R-T134.vA serum were 
Heterosygotes 	- 25.0O.87 
Positive Jerseys - 27.1±2.16 
Absorption 
Ratio 
Serum 96vA (week 7) absorbed 
with cells 
J26 	J11.8 	A37 	flA26 
0.05 22 20.5 27 255 
0.10 10 12 21,5 19.5 
0.15 0 2 17 14  
0.20 0 0 9 6.5 
0.25 0 0 1.5 1 
0.30 0 0 0 0 
Table 17 The average hemolytic score with 
calls produced by aliquots of 96vA 
(week 7) serum after absorption with 
A positive cells. The average 
score of the unabsorbed serum with 
these cells is 32 









A Comparison of the Absorption of A Antibodies by 
Heterozygous and Homozygous Cells. 
Figure 11 
In both cases the WtW test proved to be highly significant, giving a probability, 
that the two classes belonged to the same populatiou,of less than 0.1%. 
The hemolytic score of an animal particularly with the ox anti-A gave 
an indication of the gene dosage. There were, however, 3 - 6% of the nMals 
with intermediate scores which could belong to either class. 
The relationship between 	Score and Abiljti  to Absorb 
For this experiment the absorbing abilities of two heterozygous cells 
with a low heaolytio score were compared with those of two Jersey cattle, 
which had higher hemolytic scores and were probably homozygous for A. The 
serum used was 96yA week 7 (see Figure 14) which had a high titre. Table 17 
gives the results of absorbing aliquots of this serum with different volumes 
of packed cells from the four animals. These results are seen in graph 
form (Figure ii). 	This demonstrates that the weaker (Al-) cells absorb 
less antibody than the same volume of the cells giving the higher hemolytic 
score. Thus, if the ability to remove antibody is taken as a measure of 
the amount of antigen present, the putative homozygous animals have almost 
twice as much antigen as the heterozygous animals. 
The Effect of Gene DO3aRe on the Expression  of the D Gene  
In this experiment only purebred Ayrshire cattle were used since in 
this breed the sygosity of some of the D genes could be determined. In 
Friesian cattle the frequency of the negative allele precludes the possi-
bility of selecting homozygous animals, since 12% of the animals, which 
have only the D antigen of the A system, will be heterosygous for the 
negative allele. Further, only 40% of all 1) positive animals would be 
expected to be homozygous, from the estimated frequency of the D gene in 
this breed. In Jersey cattle the expected frequency of D komozygotes was 
- 
Cells 	CoLD 72.D 
U32A 	lOS 	13 
1J34C 	II 	II 
36A 	II 	II 
U36 	II 	12 




















7 A31 	10 	II JFAI7 	II 	Ii 
A38 105 tO JFA26 13 14 A25 7 8 
A70 9 tO 4FAI4 95 85 A4 10 13 
AF 32 8 9 4.JAI 9 lOS A 5 9 13 
AJ36 II 12 4JAII II 14 ASS II 12 U38 12 13 
FJA26 10 12 4JA12 105 12 A54 II 105 U39A 95 II 
FJA30 13 II 4JA16 lOS tO A53 6 105 1J41A 05 II 
FJA32 6 7 4JA17 10 9 A71 10 II U42A 05 II 
FJA36 105 2 4JA21 6 65 MZ238A ii 12 U438 10 105 
JAF19 10 105 4JA23 8 8 MZ25IA 105 II U49A 12 14 
U29A 105 II U49B it Ii 
U30 12 14 
Table 18 The hemolytic scores of 43 D positive cells tested. with 
aerial dilutions of an American antiserum (CalvD) and a 
rabbit antiserum (720).. 
estimated. at about 20% of all positive animals. 
In Ayrshire cattle, however, the expected frequency of the negative allele 
was less than 0.08. Thus at least 92% of the animals which were 
fbund to be 
negative for all the antigens of the A system except 
D could be considered 
to be homozygous for that antigen. Cells from 23 of these animals were 
tested against two D antisera one of which was kindly supplied by Dr. C. 
Stormont, California (Cal.vD). Twenty heterosygous anim als were also tested 
with the same sere at the same time. All the animals in this class received 
their D gene from an .Ayrshire parent, although most were crossbred cattle. 
The results d' the hemolytic test are given in protocol 9 and are 
summarized in Table 18. 
The 20 beterozygotes had mean scores of 9.8±1.82 for Cal.vD 
and. 10.4±2.03 for 720 
The 23 probable homozygotes had mean scores of i0.21.50 for Cal.vD 
11.4*1 .65 for 72vD 
When the "t" test was applied to the results: 
Difference of Mea 
for the results of both antisera combined, t 0 Standard. Error of Difference 
= 0.1_._ 	1.41 
0.05  
1.00 
for the serum 72vD only, = 0.56 1.79 
In netther case was the result statistically significant. Thus, 
there 
was no evidence that gene dosage affects the bemolytio 
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Figure 12 The Distribution of F homozygous and heterozygous 
animals with respect to their hemolytic asore 
The Effect of Gene Dosage on the Expression of the P Gene 
The PY locus is the only system in oattle which can be genotyped fully 
using serological methods. Only two alleles are known and both have anti-
genie determinants. Sino* the frequency of P is much greater than that of 
V, the former was used to demonstrate gene dosage. 
33 animals homozygous for F and 22 animals having the genotype F/V were 
used for this experiment. Cells from each animal were tested against serial 
dilutions of a strong F antisermi using the "Three Drop" heaolytio teat. 
The animals were then grouped according to their b.mo].ytio score in a 
Histogram (Figure 12). This demonstrates the large difference in score between 
the two classes of P positive animals. 
The mean score for the 35 homozygot.e a 27.22.4 (Standard Deviation) 
22 h.t.rozygot.s = 15.1.0 
As was expected the "t" test was highly significant. The probability 
that the two classes belonged to the same population was very much less than 
0.1%. 
Discussion of Gene Dosage 
The effect of a double dose of a gene on the expression of the antigen, 
which it controls, may be quite striking. Landateiner and Levine (1927) 
were the first to observe this phenomenon in the blood grouping field. They 
fowid that the reaction of human red cells which were heterozygous for both 
U and N genes, was weaker with both the anti-U and anti-N reagents, than the 
reaction of cells which were homozygous for these genes. This difference 
between the reactions was large enough for it to be possible to genotype 
with confidence when only one of the reagents was available. The F-V 
system of cattle parallels this case exactly. 
The difference between homosygote and het.rozygote can be detected 
much more readily with some antisera than with others (Stormont I 952B; 
Jalone and Dunsford. 1951). Stormont (1952B) has suggested that this may 
be a species difference due to differences in size of the globulin mole-
oules. He found that the animals homozygous for the F antigen could be 
demonstrated most effectively with the use of suitably absorbed rabbit 
anti. sera, the difference in the reactions between homosygotes and hetero-
zygotes being mall when an isoimmune antiserum was used. This was borne 
out by the finding in this laboratory that Z antisera produced in rabbits 
showed the dosage phenomenon to a greater extent than bovine antisera. 
In the case of th4I antigen the opposite result has been found. The 
ox anti-A gave a. much clearer differentiation between the two classes than 
did the rabbit antiserum. Thus the differences in antibody produced by 
different animals is perhaps the biggest factor in the production of a 
dosage reagent. 
Gene douge phenomena have been observed for many of the blood group 
antigens of man. Race and Sanger (i954) have collated these reports and 
added them to their own findings. Clear differences between the homozygous 
and heterozygous condition have been demonstrated for the Kell, Duffy and 
Kidd factors as well as those already mentioned for the INS system. In 
the Rh system some forms of anti-Ce, anti-c, anti-e, anti-E and anti-f also 
detect gene dosage. 
Andresen (personal communication) has reported a case of gene dosage 
in pig blood groups using a reagent anti-Ifs. 
In cattle the number of cases is not as great as in man. However, 
there are at least seven antigens (A, F, V, Y 2 ,Vp S and z) and two 
alleles of the B system reported by Stormont (1958) which can be detected 
in the homozygous condition. As more serological investigations are under-
taken it is to be hoped that this number will increase rapidly, particularly 
for the antigens of the B system. 
Not all gene dosage phenomena can be used to detect the homozygous 
condition with certainty. Levine at el. (1952) found that human cells 
which carried the S antigen could be arranged in a normal distribution 
according to the strength of their reactions. However, the ceUs which 
were homozygous, were found to give reactions at the stronger end of the 
scale and had a higher average score than the heterozygotes. 
This form of gene dosage ia perhaps the more common form in cattle. 
Dosage with the H antigen falls into this category. However, it has been 
shown that the phenomenon is not merely the masking of the weaker allele 
in the homozygous condition. More antigen is produced than would be expec-
ted on this hypothesis and so some form of interaction must take place. 
The effect of the presence or absence of other antigens of the A system, 
this 
on the expression of/gene dosage could not be determined since the genotypes 
of these animals were unknown. Further investigations using animals whose 
A alleles have been determined would be of great interest in this context. 
The antisera to the A antigen which were tested here, gave almost complete 
dichotomy between the homozygous and heterozygous groups. Absorption experi-
ments have shown that there was almost twice as much antigen on the cells 
giving the strongest hemolytic scores as there was on the weaker heterozygous 
cells. In a later chapter the strength of the H antigen is also shown to 
be directly proportional to its hemolytic score. It appears possible there-
fore that the dosage reaction is due to the amount of antigen available on 
the cells rather than the production of a different form of antigen on the 
cells of homozygous animals. 
The lack of a reoogniiab].e dosage effect on the strength of the D antigen 
is disappointing. However, dosage may 	yet be detected in the reactions 
of other examples of D antisera. 
The difference in hemolytio score between homosygotes and h.t.roaygotes 
for the P gene serves as a standard for comparison with other systems. In 
this case the genotype of the animals tested is not determined by quantitative 
results, but can be used to check them. When the results obtained for the 
A and H antigens are compared with this standard, it is clear that the gene 
dosage found in the A system is of a much smaller order. 
In cattle blood grouping the best dosage reactions are obtained for 1 0 
V and Z. These antigens belong to systems containing only two alleles. 
Two other antigens, A and 3 also exhibit dosage reactions. They belong to 
the relatively simple A and 813 systems. Thus in these four systems, half of 
the antigens can be detected in the homozygous condition. Compared with 
this only two antigens of the B and C systems have a gene dosage reaction. 
It appears therefore that the systems which contain few alleles exhibit 
good dosage reactions, while the complex B and C systems in which the alleles 
control the production of many antigens are not affected to the same extent. 
This is not because the antigens of the B and C systems are to rare that they 
are unlikely to be found in the homozygous condition. The antigens C, B, W, 
and 12  of the C system and B, O5 A', 1 13 and T of the B system are found in 
more than half of the European and American cattle tested. However, the 
different B and C alleles are such less common. 
Lawler and Race (1950) found that the presence of the D antigen of the 
Rh system in man decreased the reaction of cells carrying the C, I and a 
antigens, when tested with anti-C, anti-B and anti-e respectively. For 
example, cells of genotype cd!/cde gave a stronger reaction with anti-I than 
cells of genotype oDE/ode. To account for this, they have proposed that 
there is a competition for a common base substande emong the Rh genes. 
If this hypothesis of a common base substance can be extended to other 
blood group systems, an explanation can be put forward for the results 
obtained in cattle. In the fl and Z systems, where there are only two 
alleles, the homozygotes are free from competition for the basic material 
and carry proportionally more of the antigen on their oslia. Where there 
are many alleles controlling many different antigens any dosage phenomenon 
may be masked by the competition of the different antigenio determinants for 
the base substance. 
One further point may be mentioned in this connection. Stormont (1958) 
has claimed that he has produced two antisera in sheep to ox red cells. 
These were found to react with entire B alleles and to exhibit a dosage 
reaction with them. If this finding is confirmed it will support the 
above hypothesis, since competition for the basic substrate, between the 








A Histocrarn of A Cells tested with 96 .A 
Figure 13 
The , Serology of the Subtypes of the A anti&en 
The A antigen is one of the strongest blood, group antigens found on the 
ox red cell. 	It exists in two forms or levels. The A1 subtype gives a 
stronger reaction and is a much commoner form than the A2 antigel. It is 
possible to obtain an antiserum which will react only with A1 cells, but an 
antiserum which will react with A 2 cells will also produce lysis with A1 cells. 
Thus the A subtypes can only be distinguished with an A1 reagent. 
The A2 Antigen 
An A1 reagent was prepared which gave negative reactions with the five 
-ninals in the experimental herd known to carry the A2 antigen. However, a 
large nueber of Guernsey cattle were wade available for testing, and a histo-
gram (Figure 13)  shows the distribution of these animals according to their 
hemolytic score with anti-A1 . 
While the dichotomy of this histogram is evident, there is no absolute 
distinction between the two groups. The point of distinction between A1 and 
cells could be taken as a score of 6 or 7, but this is quite arbitrary and 
the cells giving scores between 3 and 7 may be considered either A 1 or 
or may even farm an intermediate class. Thus between 20 and 28 animals 
from a total of 473 cattle tested were found to have the genotypes AJA2 or 
U-. This gave a frequency of between 0.030 and 0.0112 for the A2 gene in 
these cattle. frequencies of a similar order having been found in Ayrshire 
and Friesian cattle. 
A Chane in 'tie Type of AntibQdy Produced with Continued Transfusions 
As in the case of the dosage reagents, only some A antisera are capable 
of making a clear distinction between Li  and A cells. In this investigation 
only the sera obtained from the monosygous pair of cattle MZ 96A and B after 
Transfused 
40 1  
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The Productio, of A Antibodies in theOx MZ96A in response to 
two Transfusion Courses 
Figure 1 
the first course of transfusions gave a clear out difference between the two 
types of cell. These cattle were stimulated twice with the same A 1 cells 
and many serum samples were collected from each animal. A graph (Figure i) 
shows the rise and fall of the titre of anti-A in NZ 96A using both A1 and A2 
cell suspensions as indicators. The antisera obtained from the B member 
gave exactly the same picture but the anti-A was produced at a lower titre. 
The titre for both types of cell reached a maximum approximately five 
weeks after the first transfusion. Thereafter the titre gradually decreased 
until it had almost disappeared in the twenty-third week. however, the 
difference in scores for the A 1 and A2 cells remained remarkably constant 
week 
between the ninth and fourteenth/at & value of 5, the equivalent of one 
doubling dilution. 
Immediately after the second course of transfusions the hemolytic titre 
of the antiserum rose steeply once more. In this case the antibody produced 
was not capable of distinguishing between the two subtypes of A. The 
difference in score between the A 1 and A2 cells was negligible although the 
A2 cells did give slightly weaker reactions than the A1 cells. 
Absorption studies with A1 and A2 cells 
Absorption studies were carried out to discover whether it was nsoess-
ary to postulate the existence of two antibodies in the sera produced by the 
first course of transfusions or whether a single specificity was more probable. 
Two samples of the NZ 96A antisera were used. One serum, taken in week 9 1, 
readily differentiated. between A1 and A2 cells, while the other taken in week 
26 did not do so. 
Cells from four *nlmels were used to absorb the A antibodies, two carried 
the A2 antigen (MZ 154A and MZ 182A) and gave similar hemolytic strengths. 
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Table 19 The hemolytio score produced by 3 A antis era 
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Figure 17 
The two others were A1 cells (KZ 236A and MZ 197B) and were also of the same 
strength. For convenience these cells were coded IA2, 2A29 IA,1 and 
respectively. The absorption ratios used were different for the two subtypes. 
A2 cells were used at 0.1 1.0 volumes to one volume of antiserum. A 1 
cells were required at such smaller ratios; 0.02 - 0.10 volumes to one volume 
of serum. After the cells had been absorbed the aliquots were tested back 
against the four cells. Protocols 5 and 5A show the results which are 
sirinrised in Table 19. The mean scores of these aliquots were plotted 
(Figure 15 and 16)  against the absorption ratio which was used in each case. 
One other example of A antiserum was treated in a similar manner, a 
Rabbit (72) which received a course of injections of A2 positive ox red cells 
produced an A antiserum which was capable of distinguishing between A1 and A2 
cells. Using the same absorption technique, aliquots of serum were absorbed 
with different volumes of A 1 and A2 osila. The hemolytio scores produced by 
these aliquots are found in protocol 6 and are summarised in Table 19. 
These scores are plotted against the absorption ratios (Figure 17). 
The results obtained from these graphs show that for all three antisera, 
the A2 cells will remove the antibodies producing the reaction with A1 cells, 
at the same rate as those producing the reaction with the A2 cells, Thus 
it appears unnecessary to postulate that, there is more than one antibody 
specificity in the antisera which differentiate between A 1 and A2 cells. 
However, there is a difference in the specificity of the antibodies of week 
9 and week 26 serum, since the antiserum obtained from the second transfusion 
course failed to differentiate between A1 and A2 cells. 
This change in the type of A antibodies present can also be detected 
by examining the change in the absorption ratios, particularly for the 
Qx Serum MZ96AA 
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The Volume of Cells required to remove all detectable Antibodies 
from one VolumE of the A Antisera 
Table 20 
calls. The results in Table 20 indicate that only 60% of the A2 cells which 
were required to remove the A antibodies from the week 9 serum, were required 
for the same purpose using the week 26 serum. 
If the red cells absorb the same number of molecules from each serum 
this implies that these sera, which produce almost the same hexaolytio score, 
have a different titre of antibodies. The antibodies in the second serum 
must therefore be more efficient in the production of lysis. The rabbit 
antiA antibodies although having twice the hemolytic titre, require four 
times the volume of cells for their removal compared with the week 9 ox 
serum and must therefore, on this hypothesis, be only half as efficient as 
the least efficient of the ox antisera. 
Turning to the differences between A1 and A cells; there is a striking 
difference in the absorption ratios of the two types of cell. In the three 
anti-A sera, A1 cells absorb 6 - 7 times the amount of antibody that is taken 
up by 12 oella. Thus the A cells must have 6 - 7 times the number of 
effective antigen sites that are found on the 12  cells. On this basis it 
is not surprising that a difference In hemolytic titre is observed between 
the cells. 
When the antiserum used does not demonstrate this difference in hemo-
lytic scores, the amount of antigen present in the system cannot be the 
limiting factor to hemolysis. There may be two forms of antigen which 
cross-react with the A antibody. However, the A  antibodies are known to 
differ in their efficiency to produce bemolysis and so an alternative explana-
tion can be put forward. 
The ox antiserum produced by the second comae of transfusions was found 
to use approximately half the number of antibodies to prodmaos , the meas amount 
of hemolysis as the antiserum produced after the first course of transfusions. 
Thus the number of effective antigen sites available on the cells would 
almost double • The effect on the hemolytic score of the £2 cells would be 
expected to be greater since the system with fewer antigen sites would be 
more sensitive to change. 
These circumstances would therefore help to bring the rsactions of 
and £2 cells into alignment. 
Discussion on the Subtypes of the A antigen 
The variants or subtypes of cattle blood group antigens have been shown 
to behave in a simple mendelian manner by Stormont (1950). However, their 
serology has not received the same degree of investigation. In his original 
paper, Stormont showed that the subtypes of T were antigsnioally distinct, 
by preparing reagents which were specific for the two forms of antigen. 
Although it was found that all T,calls carried the T2 specificity, pure 
anti-T1 could be produced by the transfusion of T cells into a 
T2 donor. 
Rendel (1958A) has reported two similar oases in which the lower index anti-
gens of the C and 0 antigenic series, have induced the formation of anti- 
bodies in a donor which has the antigen of a higher index in the same series. 
The serology of the subtypes of the A antigen has been shown to be  
different to that of the T antigen. No qualitative difference could be 
shown between the A1 and A2 antigens in their ability to absorb antibodies 
from A antisera. The A2 antigen was also shown to stimulate the production 
of an antiserum which will detect A1 cells more easily than A2 cells. Thus 
the hypothesis of two cross-reacting antigens breaks down, since it would be 
expected that anti-A2  would react more strongly with its homologous antigen. 
Callander and Race (1%6) reported that most C antibodies, which react 
with an antigen of the 2h system of man, appeared to have two specificities. 
They were found to react with the C antigen and its rarer subtype C  and 
could be absorbed with either C or Cw  cells. However, a pure anti-C' could 
be produced in persona carrying the C antigen on their red cells and in some 
rare oases a pure anti-C was also found. Continued immunisation in these 
cases produced an antibody of the specificity anti-C + Cw. This broadening 
of the specificity of the antibodies produced has been reported by Landeteiner 
(195) and Hooker and Boyd (1931). A further example has been reported hue 
for the specificity of the A antibodies in the cattle *Z 9" and B after a 
second transfusion course. 
Taking this into account it is impossible to state that the A 1 and £2 
antigens have the same specificity although they react specifically with the 
same antibody. The only conclusive result would be the production of an 
A1 antibody in an A2 ani mal. This may prove difficult to attempt since the 
frequency of A2 animals is very low and only a third of the transfused cattle 
respond by producing detectable antibody to the red cells of the donor. 
In summary, it appears probable that A antisera contain only one form 
of antibody. This can be absorbed by either A or A cells. The avidity 
of the A antibody for the cellular atigen can vary according to the stage 
of immunisation and individual differences on the part of the recipient 
animal. This effects the hemolytic activity of the antiserum. 
Tails the number of effective A antigen sites on £2  cells is consider-
ably less than that on A cells and could explain the differences in hemoly-
tic score between A1 and A2 cells, it is not possible to say that the anti-
gens do not differ qualitatively. 
THE SEROLOGY OF T113 I! ANTIGEN 
The Problen 
The reaction of H positive cells with a homologous I! antiserum is character-
ised by its incomplete heinolysis. That is, only a proportion of the cell 
sample is ]ysed even in the highest concentrations of the antiserum. This is 
to some extent analogous to the incomplete agglutinins, found in human blood 
group work, which are absorbed by positive red cells but which cannot produce 
agglutination without the application of an antiglobulin serum. 
There are several ways in which incomplete lyaia can be obtained. It occurs 
when cells of different genotypes are found in the same test suspension and 
are tested against an antibody which can react with only one of these geno-
types. This mixture of red cells is found in digous twins with anaatamosia. 
Red cell mosaioiaai is produced and in some cases the blood from a twin can be 
split into two fractions using specific antibodies. 
It is also possible that the conditions of the test are not optimal. 
Low temperature or insufficient complement may make it impossible for the reac-
tion to be completed even at thehiGhest concentrations of antibody. The time 
allowed for the reaction to take place may also be too short and hemo]ysis may 
not be complete at the time of reading. 
All the above reasons for partial hemolysia may be put conveniently 
under the heading of errors in handling the aystem by the operator. Causes 
of a more fundamental nature, involving the antigen, the antibody, or the 
complex, pose a much more interesting serological problem. Here there must be 
insufficient hemolytic antibody on the odils or q fraction of the cell 
suspension to produce ]ysis. This situation may be arrived at in several 
ways. There may be a shortage of H antigen on the cell, a proportion of the 
antienic sites may be blocked by a non-hemolytic form of the if antibody, or 
I" 
-J 
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A Comparison of the Rate of Lysis of Ox Cells with 
H and W AntiSera. 
Figure 19 
the antigsn-antiboy complex uy have poor combining power with complement. 
It is possible, of course 1 that the result is obtained by the interaction 
of arq or all of the above factors. 
While R is the only international2y recognised antigen which is oharao-
tensed by an incomplete hemo]1ytio reaction, several others have been found in 
this laboratoxy. These differ from H and from each other in specificity and 
a short account of each is given below. One case is partioular]y interesting 
in that the partial hemolys.ta is the product of sub-optimal temperature. The 
number of reagents giving these reactions has added to the importance of the 
following investigation into the serologr of the incomplete reaction of H. 
The Gbamteristios of the  Mt° 
It is important to illustrate o].earLy, at the beginning, the character-
istics of this reaction compared with that produced by an antibody normally 
giving complete heznol.yaia with positive cells. 
A. The Degree of Ijyaia 
This was the most obvious difference and was illustrated by testing cells 
from MZ I 38A with serial dilutions of B7'v*I and 96vA. The cells were washed 
and aliquote of the 0.2 test suspension were sensitised with the two anti-
sera, After three hours' incubation with rabbit complement, the amount of 
hemolysie produced was estimated in an EEL Calorimeter as described in the 
methods. The percentage l.ysis was then plotted against the dilution of the 
antiserum as shown in Figure 18. 
Although the titres of the antisera were similar, there was a striking 
difference in the character of the reactions. The A antiserum gave a typioal 
complete reaction. In the highest concentrations of the antiserum, all the 
cells were lysed and it was only in the two lowest concentrations that some cells 
failed to ]1yse. 
Serial Dilutions of H Antiserum from 1/8 
Cells 1/8 06 1/32 i/6i. 1/128 - 1/256 1/512 Score 
J25 5 5 5 51 5 5 4 34. 
repeated 5 5 5 5 5' 5' 2 32 
J84. 5' 5' 5' 5' 5' 4 2 31 
repeated 5' 5' 5' 5' 4 3 3 30 
A1J25 5' 51 5' 5' 4. 2 1 27 
repeated. 5' 5' 4. 4. ii. 3 1 26 
IAJI2 5' 5' 4. 4. 3 1 22.' 
repeated 4. 4 4. 3 3 2 1 21 
A38 3 4 4. 3 3 1 18. 
repeated 3 3 4. 4 3 2 19.5 
151 2 3 3 2 2 1 7 13.5 
repeated 2 2 3 2 2 1 12.5 
JPAI5 2 2 3 2 1 7 - 10 1 5 
repeated. 2 2 2 2 1 10 
7AJ32 2 2 2 1 - 8 
repeated 2 1 1 1 6 
4.AJ1I. '1 7 
- 3 
repeated 7 7 7 7 7 - - 2.5 
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Figure 20 The distribution of 85 H positive cells 
with respect to their hemolytic score and end point. 
16 106 
The reaction curve of the H antiserum with the sa.ie  cells was ooruposei of 
two parts. The first, for the high concentrations of antiserum, consisted of 
a gently sloping plateau decreasing from a score of 9($ to 7($ hemo]yaia. 
While for the last three serial dilutions of antiserum, the lack of antibody 
produced a rapid decrease in the amount of ]ysis. 
B. The Rate of Reaction 
A pair of monoygous twins lIZ 138A and B were used for this experiment. 
Aliquots of washed cells were sensitised with serial dilutions of the anti- 
sera for 45 minutes at 30°C, washed and incubated with complement at 200C. The 
sera used were 205vH and 470. The 205vfl serum was diluted from J/2 and the 
470 from 4 in order that both sera should have the same titre with these 
cells • The test was read hourly and the percentage lysis calculated from the 
colorimeter readings. The results are shown in Tables 21 and 22 of the 
Appendix. When the hemolytia score was plotted as a function of the time, 
(Figure 19), a large difference in the rate of the reactions became apparent. 
This was accentuated when the time taken by the sera to reach half their maximum 
score was compared. This was only ten minutes for the 47vW serum which gave 
complete lysia, but 1.50 minutes for the 205vfl serum. 
C • The Deee of Reaction 
The data collected in Table 3 may be set out in a histogram (Figure 20) 
Which groups the 85 cells acoording to their hemolytic scores. Prom this 
histogram, it was clear that there was a continuous gradation in the strength 
of the H antigen on the red cells. The differences between the cells were 
magnified by the form the reaction took. Since lysis was never complete, the 
variation in the strength of the reaction was seen in each tube of the serially 
diluted H antiserum and this produced a cumulative effect on the hemolytio 
score. The cell variation is illustrated by the results of nine cells selected 
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Figure 21 The Distribution of 174 W positive cells with respect 
to their hemolytic score and end. point. 
From the histogram (Figure 20), it was also evident that the end-point 
of the reactions for different cells did not vary as wuth as the hemo)ytio 
score and was discontinuous with zero. In this respect anti-H resembles anti-
sera producing complete lysis. A comparison between the histogram for H and 
those for 174. RYil5 tested against 6vW, a $eX•UI giving complete ]ysis 
(Figure 20, throws into relief the lack of a. strict division between H positive 
and Thzgative aelis. 
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Ant,srum Dilutions cells ie 	1132 	/64 1 1128 1125t, /512 
Score 
M7 38A 5: 	4' 49 	j, 	3 	i3 	4 
MZ1388 46 	47 	44 	42 	3) 	1 	5 
MZ 140A 43 	39 	34 	 15, 	5 	4 
MZ 1406 42 	4k 	34 	27 	14 	4 	4 
MZ236A 46 48 45 40 23 	3 
MZ2368 43 	37 	37 	32 	2i 	I 	I 
MZI54A 38 	36 	28 	25 	17 	ii 
MZ 1548 	 25 	24 	16 	1 ( 	I 
MZ245A n 	' 	q 	ii 	1 c, 	4 	3 
MZ2456 :s 	22 	,' 	1 t 	2 	4 	Z 
MZ26A 7*, 64 	56 	56 	3 	16 	6 
MZ2168 6' 	65 	60 55 	32 	5 
MZ 169 A 52 	48 	42 	35 	25 	2k 	1 3 
MZ1698 50 42 42 3 5 
MZIS7A 62 	57 	49 40 	 II 
LMZ575 s ss 51 40 IC 
A Comparison of the Strength of the H Antigen 
r Morlozygous Twins 
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Figure 22 
AComDarsou of tke Strength of Monoaygoys Twin Pairs 
Mthy levels of the if antigen strength have been found. Parents and their 
calves which were heterozygous for the H gene, had simile antigen strengths 
and this indicates a strong hereditary basis for the quantity of antigen present 
on the red cell. It was therefore of interest to test the atrengths of mono-
gygous twin pairs. Of 66 pairs tested over a period of three years, only ten 
pairs were positive and of these, two pairs were lost before they could be 
adequately compared. The remaining eight pairs of aonoqgous twins were tested 
with B7vfl  using the ooloriinetrio method of estimating percentage ]yeis. This 
method was very sensitive to changes in the conditions of the teat and it was 
necessary to control as accurately as possible, the temperature and time of 
incubation, and the amount of complement added, to ensure that the results 
could be repeated. 
The hemo]ytio scores of the mono zyous pairs tested are shown in Table 24. 
When the hemolytia score of the A member was plotted against that of the B 
member (Fit,iire 22) the similarity of the strength of their reactions was evident, 
except for the MZ 236 pair in which the A member persistently gave 2 more 
hemo]ysis than the B member. This difference was maintained over the period 
of a year and has not been explained. The possibility that the animals were 
dizygoue has been considered, but there was no seroløgioal or pysiologiosl 
evidence found to support this. However monozygosity can never be pro"ed for 
a pair of twins and di,rgosity is perhaps the simplest explanation for this result. 
When the variance within and between pairs is calculated, even with the 
inclusion of the aberrant pair, the variance ratio is very highly significant. 
Degrees of 
§.w' of Sauar 	 Mean Scuarea 
Within Pairs 	 69 	 8 	 8.6 
Between Pairs 	63056 	 7 	 9,136 
Total 	 64,025 	 15 	 40268 
variance iatio j6  1.,062 	p << 0.001 
Thus the variation in the strength of the 11 reaction is very such less within 
pairs than between pairs, indicating once again a high degree of inheritance for 
the strength of the H antigen. 
M $trength of H in Pull Sibs 
Since the mono ygous twins had shown a striking similarity, within pairs, 
for the strength of their B reaction, it was of interest to compare these 
results with those obtainable from pairs of full sibs. Unfortunately this was 
not possible, since all the pairs of full sibs, born singly of aono'gous twins 
(the PS class), were negative for H. 
The results from dizygous twins were obscured by the natural mosaioism of 
the animals and it was impossible to discover whether the H reaction was concerned 
with all or only a portion of the cell population. Partial hemolysis was 
expected in either case. However under optimal conditions samples of cells of the 
two different genotypes could be obtained from animals with demonstrable mosaiciam. 
21 pairs of dizigous twins were tested, and four pairs were found to be 
positive for the H antigen. These cells were tested with 35 internationally 
recognised reagents (as shown in Protocol 7 of the Appendix) which detect 
different antigens on the red. cell. In this way it was possible to find 
mosaicism and to recover the different genotypes by 31ysin the complementary 
genotype with the appropriate reagent. 
Cons Fraction Tested 










D At 95 918874.60 32 184 0 4.62 68 4.65 
s 90 89 85 75 58 30 15 5 	0 447 4.7i. 4.60 
s 746862 5840 22 10 2 	0 336 34.8 34.2 
s 6860565038 20 11 4. 0 304. 331 318 
" 49 42 4.0 35 20 12 4. 0 	0 202 213 208 
s 5045393222 15 8 0 0 211 207 209 
44. 4.0 33 27 23 20 12 4. 	0 203 207 205 
4.7 41 34 30 29 24. 12 7 0 224 219 220 
Table 25 The bemolysis roduced by fractionated blood from disygotic twins 
with serial dilutions of H antiserum (given in % lysis for each 
dilution of antiserum) 
ir the pair DZ 	and the two pop 11atioi -As could be separated using 
the reagents anti-A$ and anti-03. Unfortunately the same fraction was 
recovered in each case. 0 of the total eell population of both animals 
resisted 1.ysi3 with antimA' • This fraction of At negative cells gave a 
stronger reaction with anti-H than did the original mixture. This indicated 
that the remaining 0% of the cell population was composed of cells which were 
either II negative or had a lower antigen strength. 
In the pair DZ I 03A and B, the two populations could be separated with 
anti-Z and anti-X2. However the X2 negative cells were found to be H negative 
also. The cells of the Z negative genotype represented about 7% of the total 
eeLl population of both animals. 
In the pair DZ II 6A aid B, the different genotypes could be separated with 
the reagents anti-At and anti-O3. Only the O negative fraction was found to 
be H positive. This genotype accounted for about 87% of the total cell popula-
tion of both animals. 
No mosaicism was detected in DZ I 23A and B. 
Thus it was not possible to test two genotypioal]y different H positive 
bloods from a pair of full sibs. However it was possible to examine the cells 
of the same genotype taken from two different RI1iMsla  and the results are shown 
in Table 25. 
Although these pairs of cells have the same genotype and can be considered 
as artificially produced aonogous pairs, the reactions within these pairs 
differ to a greater extent than those for true monogoua animals. This may 
be partly due to the method of collection of the cells. The cells were 
incubated with the appropriate reagent to remove the unwanted fraction by hemo-
lys.ta before the cells of a single genotype could be tested with the H anti-
serum. This must make the cells lees stable in the second period of incubation 
and thus increase the experimental error. 
Animal Age in Months at 
Time of Testing 
Hemolytic 
Score 
AP; 6 58 14.5 
8 57 11.5 
14 49 18 
20 41 18 
25 32 26 
31 25 24. 
32 24. 14.5 
33 23 20 
35 17 18.5 
39 12 21 
40 12 19.5 
4.1 8 7.5 
4.2 6 13 
43 2 22.5 
Table 26 The Relationship between the Age of 
the Animal and its Eeolytio Score 
with B7vE 
Relationship between the Physical Pro erties of 
and their Partial Lysis with HAntibody 
There are several ways in which it mijiit be possible for the physical 
properties of the red cell to affect the hemo]1ytio reaction. However some 
methods of the production of partial ]ysia can be ruled out at once. 
The partial reaction is not a property of the cells of certain animals  
since the same cells can be lyaed completely with the use of another antibody. 
It was also found that each cc].l did not release a fraction of its hemoglobin. 
The number of cells containing hemoglobin decreased steadily with the increase 
of free hemoglobin in the supernatant and microscopic examination revealed 
that the cells lost their optical density, and presumably their hemoglobin, 
suddenly and completely as in normal hemolytic reactions. 
Some blood group antigens have been shown to be only secondarily acquired 
by the cell some time after birth. Stormont (J949) has shown that this is the 
case for J antigen in cattle and Andresen (1947) found that the reaction of a 
human child's cells with Lewis' antibodies may change with age. No correlation 
has been found between the age of the animal and the strength of the 11 reaction. 
Table 26 illustrates this point. Here all the H positive animals in a third 
rosa class were tested and arranged in order of age. 
The Am of the Cell 
It was possible that the age of the cell rather than the age of the animal 
governed the cell's ability to ly-se with H antisera. To test this hypothesis 
the population of red cells was split according to age • Marks and Johnson 
(1 958) found that the older human red cells could be selectively removed from 
a suspension by osmotic shook o 
washed, red cell suspensions from the animals MZ I 11A and B were wade. 
10 ml, aliquots of each suspension were centrifuged and the 0.9% saline 
replaced with 0.60%, 0.55 and o.o% salt solution. The cells were 
Original Antiserum (BlvH) Dilution 
Antiserum 
Cells cells in 
vC 
) 






teat Score Score 
__ ___ susrn- o  72 
- 
NZ 154A 96 94. 58 31 13 6 	- 298 88 29 9 126 
100% 
KZ 154.3 100 96 57 32 14. 4 	- 303 90 32 7 129 
MZ154A 9491f5230 154. 289 9029 7126 
95% 
IZ 1543 94. 94. 51 29 12 4. 	- 284 88 30 7 127 
IM 154A 95 94. 45 29 13 4 	- 280 88 23 7 122 
70% 
Z154.B 989641,28 134. - 283 88 28 7 123 
KZ154.A 94.903818 93 - 25288224.114. 
35% 
NZ 1543 94.903820 10 
- 256882331114. 
Table 27 The Effect of Oaaotio Shook on the H Reaction of a pair of 
positive Cells 
Posi. Antiserum Dilution (B7vM) 
Celia tioa Soore 1/8 	1/16 	1/32 	1/6 	1/128 	1/256 	1/512 1/1024 
KZ 140A 51 46 36 28 15 7 2 - 185 
Pop 
MZI4OB 5247 38 30 16 7 1 a 191 
MZ140A 5249 36 29 15 6 4 - 191 
lot- 
torn 
UZ I40B 51 47 40 29 17 8 2 - 194 
Table 28 The oorr,lstioa between the Sedirnsntation Rate of the Cell and 
its Lytic Ability with H sntira 
Antiserum Dilution 
Cells Sows 
1/4 	1/8 	1/16 	1/32 	1/64 	1/128 	1/256 	C' 
MZI69A NO, 524.737 19 8 NZ 169B 47 39 21 7 	- 	- 	 - 167 
KZ 169A Papdn 53 43 38 21 7 	- 167 
53 46 38 19 6 - 	- 	 - 162 
IM 169A 1  53 45 39 21 9 	3 	- 	 - 170 NZ 169B 51 45 39 21 10 4 - 	 - 170 
UUO 29 The Itfeot of sya. Treatnt on the heol3sis of oells in the 
Ii *Sl4tiOn 
then incubated with this kypotonic saline for 45 minutes at 23°C. The amount 
of lysic was found by measuring the loss in volume of theteet suspension after 
the intact cells had been resuspended to their original concentration. In both 
cell suspensions the O.6Oj, 0.55% and 0.5(y salt solution had produced , 30$ 
and 6 hemolysis respectively. 
This osmotic shock was assumed to have removed the older cells in each case. 
From the results shown in Table 27 no indication is given of an effect on the 
partial reaction due to the age of the cell. Although the cells which survived 
the greatest osmotic shook gave a score with B7vH which was I lose than that 
of the control test suspension, there was a similar drop in the score when C 
antibodies were used in the hemolysis of aliquots of the same cell suspensions. 
In this case the score was on1.y taken for the three dilutions of antiserum which 
showed the transition from I00% to (Y ],ysis. 
Separation of cells of different ages by sedimentation was also attempted. 
The older cells, which have a higher density, sink faster than the retioulooytes. 
Cells of MZ 140 A and B were allowed to sediment through their own citrated plasma 
for four days.  Test suspensions were made from samples taken from the top and 
bottom of each tube and tested against serial dilutions of B7vI. No difference 
was observed in the scores of the two fractions (Table 28). 
Thus the age of the cell, uain two independent determinations, cannot be 
correlated with the reactivity of the oell with H antibody. 
e Effect of Trypsin and Papain Treatment of Cells on the H Reaction 
Mollison (1955) has shown in the field of human blood grouping that enzymio 
treatment of the red cells increases their sensitivity to agglutination. This 
may also apply to this system if there is some physical barrier on the surface 
of the red cell which obstructs hemo].ysis. Aliquots of cells from a monozygous 
pair of cattle MZ I 69A and B were treated with papain and tzypsin, as described 














Figure 23 The estimation of the 5 point of hemolysis 
for cells incubated with hypotonic salt solution. 
' 
Antiserum Dilution 
Cell Albin Score i/i,. 	1/8 	1/16 	1/32 	1/4 	1/128 	1/256 	C' 
ME 169A 55 49 35 17 10 	- 	 - 	 - 166 
None 
ME 1691 53 4.6 36 17 8 	- 	- 	 - 160 
NZ 169A 4.94.231 13 3 	- 	 - 	 - 140 
ME 1691 4.7 42 28 14 3 	- 	 - 	 - 136 
KZ 169A 382817 7 - 	 - 	 - 	 - 90 
20% 
ME 1691 37 28 18 8 - 	 - 	 - 	 - 91 
Table 30 The Iffect of the addition of Albumin to the hsmolyais produced 
by the H reaction 





ME 138A 356 11 0.54.3 
ME 1383 




169) 186 25 0.617 
ME 
MZ2453 
25A 158 11 0.639 
U 283 138 14. 0.633 
Table 3i A Comparison of Cell Fragility with Aggluti-
nating *d Hemolytic Ability of H Positive Cells 
The results (Table 29) give no indication of ar effect on the hemo]ytio 
scores of the cells. 
Th Effect of Albumin on the H reaction 
Cell suspensions from the xnonozygous pair MZ 169A and B were suspended 
in 10/"0 and 2 commercially prepared bovine serum albumin, before testing 
with 205vH, This had the effect of decreasing rather than enhancing the 
score (Table so). Thus the protein concentration in the teat was ore than 
sufficient to allow complete hemolysis to taco place. 
A Comt*rjn of Cell Fragilitie and their Hemolytia and A gglutinating Scores 
If the variation in the hemolytic ability of the cells was due to the 
physical properties of the membrane, the hemolytio ability of the cells might 
be expected to be related to other properties of the cells which are dependent 
on the cell surface. Ease of agglutination and the ability to withstand osmotic 
shook were two characters which were easily investigated. 
Three monozygoua twin pairs and two unrelated animals were tested with 
serial dilutions of B7'vH in a hemolytio test (.able 31, Appendix) and with 
aerial dilutions of a rabbit antiserum to ox red cells used as an agglutinin 
(Table 32, Appendix). Different concentrations of lypotonio salt solution were 
used to determine the cell fragilities (Table 33, Appendix). The fragility 
of the cells was taken as a function of the percentage of salt solution required 
to produce 	bemolysis for each cell sample. This was found graphically 
(Figure 23). Examination of the ranking of the cells (Table 3L) showed no 


















The Effect of Temperature on thi Binding of Antibody to Rd Cell Antigen, 
Figure 24 
aLe ffeot of Temperature on the Reacti on  
The hemolytic test can be divided conveniently into two stops, the bind-
ing of antibody on to the red cell antigen and the binding of complement on 
this complex with the resultant lysis of the ce].l. The effect of temperature 
on these two steps can be studied separately. 
A. The Effect of Temperature on the AntibodyAntigefl Reaction 
Here the cells MZ I 54A and B were mixed with aliquots of the aerially 
diluted antiserum B7vH at different temperatures for 45 minutes. Care was 
taken to ensure that both the cells and the serum were at the experimental 
temperature before mixing. After sensitisation the cells were washed and 
incubated with rabbit complement for four hours at 30 °C. The results of two 
series are given in Table 35 (Apperw1ix), the top figures in each box being the 
percentage lysis of the A member of the pair. The first series has been 
multiplied by 1,14.3 to compensate for the day difference, and the mean of the 
two series plotted againbt the temperature. The graph (Piture 24.) shows that 
the binding of antibody to antigen approaches a maximum at about 4.0
0C in the 





Series I x 1.14.5 
Mean Hemolytic 
score 
 Series II 
0°C. 169 194. 201 
10°C. 205 235 238 
200C. 24.7 282 270 
30°C. 259 297 296 
40°C. 265 303 307 
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The Effect of Temperature on the Hernolysus of Sensitised Cells with Complement 
Figure 2 
The Effect of TemDerature on the -Sensitised Cell - Complement Reaction 
In this series of experiments the cells used were MZ I 54A and B. They 
were uniform'y aensitised. at 30°C for 45 minutes, washed and incubated with 
rabbit complement at different temperatures (Table 36, Appendix). The amount 
of iysis in each tube was read in the colorimeter on at least three different 
occasions for each incubation temperature and this enabled an estimate of the 
maximum score possible at e4oh temperature to be found. This maximum score 
was plotted against temperature (Figure 25) and gave an optimum temperature 
of 28 - 290C for this reaction* 
Conclusions  
These experiments have demonstrated that the physical properties of the 
cell and the cell membrane have little if any effect on the hemo].ytio score 
produced by the H antibody. Temperature, however, has a very definite effect. 
The fixation of antibody by the cell in a given time increased with temperature 
towards a maximum at about 40 °C, while the fixation of complement had an 
optimum temperature of 23 - 29 0C 9 with much poorer scores above and below this 
temperature. Such a result is expected from an enzymic reaction. However, 
it is obvious that at the optimum temperatures for both the fixation of antibody 
and complement, the reaction retains its incomplete forme 
Complement 
Complement Dilution 
i/i 	1/2 	1/4 	1/8 	1/16 	1/32 	1/6 	1/128 
Guinea-pig 5 	5 	5 	5 	5 	5 	5' 
Rabbit 5 5 5 5 5 - 	 - 
Pig 5 	5 	5 	4. 	 - 	 - 
Table 37 Titre of Species Complement against an Ox o.11s/Sh..p Anti-ox 
cello Hemolytic System 
1fuinea-ig 
- 1/1 Rabbit Complement 1/1 Pig Complement 
Celia Score 
2hra. 










J 26 4.5 14.5 2.5 20 0 2.5 
7AJ28 4.5 12.5 3 15 0 2 
fiJi 29 6.5 16.5 4.5 22.5 0 2 
4.PA 	7 2.5 10.5 1.5 21 0 3 
J 29 3 15.5 5.5 18.5 0 5 
3 51 6.5 13.5 3 14.5 0 2 
JAIP 1.5 6 0.5 6 0 1 
4A33 1 6 0 8.5 0 1 
315 5 22 7.5 30 0 4 
3 27 3 12.5 2.5 16.5 0 2 
Total 380 131.5 305 175.5 0 24.5 
Table _38 The hemolytio score of 10 H positive cells with serial dilutions 
of B7vIf serum and three forms of species complements 
Possible Serological Causes of Incomplete Flemo],yti,o Reactions 
The above sections have shown that the incomplete hemolysis characteristic 
of the H antibody-antigen system is neither a product of the testing oonditns 
nor of the physical properties of the cells or serum. Therefore an investigation 
was undertaken into the possible serological causes of this phenomenon. These 
may be conveniently dealt with unucr the headings of complement, antiserum and 
red cell antigen. 
The Effect of ComDlelnent on the H Reaction 
The H antigen-antibody complex might be capable of specifically inhibiting 
the action of the rabbit complement. Other forms of hemolytic complement were 
tried in an attempt to produce complete lyais in this system. Cuinea-pig, 
rabbit and pig were the species of heuiolytio complement readily available and 
these have been compared. Comparable hemolytic titres for these complements 
were estimated (Table 37) using an indicator system which consisted of ox red 
cells and a sheep anti-ox red cell serum. 
For the actual comparison, ten positive cells of different hemolytio 
strengths were tested with aerial dilutions of B7'vfl in a "Three Drop" test. 
The test was read at two and six hours after incubation at room temperature 
(21°c). The results are shown in Protocol 10. The species of complement 
used, was found to have no effect on the nature of the reaction although it 
greatly influenced the degree of ]ysis produced (Table 36). For hemolytic 
strength there can be no doubt that rabbit complement is the most suitable 
serum to use with the H system. The titre of the pig complement is too low 
to dive accurate results. The guinea-pig complement produces four times the 
amount of heznolyeis in the test hemolytio system compared with that produced by 
the rabbit complement and also reacts faster with the H antibody-antigen system. 
This is shown by the total scores for the first 2 hour period. However with 
continued incubation the rabbit complement appears to retain more of its activity 
and produces a higher final score. 
AntiBeruifi Dilutions 
Celle Treatment ore 
1/8 1/16 1/32  1/64 1/128 1/256 1/512 1/1024, C' 
Z 138A Sonsitised. 77 63 60 55 4,5 23 10 3 	- 336 
NZ 1383 
with vii 
and Washed 73 64 61 54 4,3 22 12 3 	- 333 
KZ 138A Mixed 64697168 54 36 19 3 	-384, 
NZ 1383 
with 
Reagents 68697161+ 57 33 13 3 	-372 
Table 39 A comparison of the degree of lysis produced by cells sensitised. 
with H antibody before incubation with complement and celle which 
were mixed with the antibody and complement 
The Effect of the Antjseruci on the H Reaction 
A comparison of the Degree of Reaction of Sensitised and Non-Sensitized Cells 
If the inhibiting factor in the H rcaction is found in the serum, but has 
not the same specificity as the H antibody, it can be removed by sensitising the 
positive cells with the antibody and then washing the remaining serum away 
before adding the complement. A comparison of this sensitizing procedure with 
that of mix ing oeU, antiserum and complement together, was undertaken. 
Cells from the animals M 7, 138A and B were, in one case, sensitised with 
doublin6 dilutions of B7vH at 30°C for 45 minutes, washed and resuspended in 
rabbit complement diluted to 1/3 with saline, before incubation at 300C for 4. 
hours. In the other case the aliquots  the cells were mixed with equal volumes 
of B7vfi serum and rabbit complement before being incubated at 30°C for 4 hours. 
The results (Table 39) gave no indication that an inhibitor had been removed 
from the cells washed free of excess serum, in fact, the cells which had not 
been sensitised produced lihty more hemolyais than the others. 
Part of this increase of hemo].ysis was due to the higher protein content 
of the environment, which decreased the rate of the degradation of complement. 
The cells, which had not been sensitised, had also a greater amount of anti-
body available to them than the washed sensitised cells. Thus, if some of 
the antibody dissociated from the red cells, it would be replaced quiokly from 
the pool of tree antibody. 
The Effect on the H Reaction of the amount of Complement and Antiserum Added 
This experiment was designed to show the interaction between complement and 
antiserum in the H Maotion. Cells from MZ 122A were sensitised with doubling 
dilutions of the antiserum B74ff for 45 minutes at 300C. The cells were washed 
and aliquots of cells from each level of sensitisation were incubated at 30 °C 
for four hours with serial dilutions of rabbit complement. Thus all the possible 























Figure 26 The variations in hemolytic score ( hemo]ysis) 
produced by serial dilutions of H antiserum 
and complement. 
Ce l's I 	(strong) 1 	 11 (medium) (weak) 
Reading 	2hr 4r 	t,hr 8hr 	2hr 	4hr 	6hr Blr 	1 	2hr 4rr 	6hr Bhr 
Complement 








45 6c 	80 8435 	54 	65 70 	2D 28 	34 38 
- 
The Effect of Changing the Reagents at 21-lou' Intervals on the Percentage of the Cells Lysed 
Table 41 
(Table 40, Appendix). From the graphs of the hemo]ytio score of the eell against 
the antiserum dilutions (Figure 26) it was found that the hemolytio score 
approached a maximum for all antiserum dilutions of less than 1/32. In the 
case of complement, the graph showed that the higher the concentration the 
greater the amount of ]ysie was produced. However if the concentration of the 
complement added to each tube was increased beyond  a third of the tine], volume, 
a non-specific inhibition of hemo].ysis was produced similar to that produced 
by the addition of albumin to the system. 
The Effect of Renwjng Reagents in the H System 
Since the concentration of non-specific inhibitor in rabbit serum sets an 
effective limit on the amount of complement which can be added at one time, the 
reactants were renewed after short periods of incubation. In the following 
experiments the antiserum and complement were repeated].y changed in an attempt 
to complete the hemo]jtio reaction. 
Three cells were used, giving strong, medium and weak reactions with H 
antiserum and three aliquots of each cell suspension were mixed with B7i 
diluted to 4 and undiluted rabbit complement and incubated at 30°C. The tubes 
were read at two hour intervals (Table ii). After each reading, one aliquot 
had both antiserum and complement renewed, another had the supernatant removed 
but only complement renewed, and the last, the control, had neither reagent 
removed. 
The increase in the percentage of cells ]ysed in the au quota, which had the 
reactants renewed, may be due to the relatively greater concentration of anti-
serum and complement in which the remaining cells were suspended after each 
period of incubation. 
Although this method increased the amount of lysis, a 100/1a heino].ysis of the 
cells was only reached by those cells which were capable of a high degree of 
lyais under ordinary testing conditions. The effect of changing 
-. 	 - 
Reagent 
Red Ccll 
Antigen TubeNumbqr and Amount of Reagent Used (inml) 
HZ I 2 3 4 5 6 7 8 
Cell 	I + 	+ — — — — — 04 — — 
Cell  + 	— 02 02 - - — 04 - 
Cell  — 	— — - 0-2 02 — — - 04 
Sensitised Cell I (.H) + 	+ 02 02 02 02 04 - — — 















0 1 Lysis Produced 
1. Lysis Produced by Addition of 2 12 12 12 12 19 100 0 0 
Total 1. Lysis 55 	-. 56 51 50 100 100 0 0 
7 Lysus produced by mixing H positive sensutiud cells with H positive and H negative 
unsensitised cells and complement. 
Table 42 
Y/ 
complement alone produced less ]yais than the control tests in which the 
reactants remained unchanged. This must be considered due to the loss of 
the pool of free antiserum and perhaps also to the loss of some bound antibody 
with repeated washing of the cells. 
Dipsoojatipn øf II antibodies from positive Celia 
Previous tests indicated that there was a possibility that the H anti-
bodies were not bound completely to the red cell after the period of sensitisa-
tion. It was therefore important to discover the extent to which the antibodies 
could dissociate from the red ccll antigens during the period of incubation. 
The incomplete hemolyais of the H reaction made the adequate control of 
this experiment difficult, and it was found necessary to use two cells of 
different genotypes. This provided another antigenio marker in the test system. 
Thus the H positive cells (Cell i),  which were sensitised with H antiserum, were 
Z antigen positive, while the H positive, uncensitised cells (Cell 2) were Z 
negative. The H negative control cells (Cell 3) were also Z negative. 
In the experiment Cells I were sensitized with B74H serum diluted to * for 
45 minutes at 30°C and then washed four times to remove excess antibody. The 
test was set up as shown in Table 42. After the incubation with rabbit oomple-
aent for 3.5 hours at 30°C the amount of hemo]ysis in each tube was calculated 
from a oolorirnetrio estimation of the free hemoglobin present. 
The amount of lysis produced in the tubes containing equal quantities of 
H positive, sensitized and unsensitised cells (Tubes I and 2) exceeded by 
the hemo2ysia found in the tubes (Tubes 3 and  4.), which contained equal 
quantities of H positive sensitized cells and H negative cells. In the latter 
no extra hemolysia caused by dissociation could take place. 
To check this result as far as possible, the remaining intact cells were 
washed and incubated with anti-Z serum at a dilution of for 30 minutes at 300C. 
Stage of Date of Antiserum Dilution (205v11) 
Transfusion Serum Sample Score 1/2 1/4. 1/8 06 1/32 i/6i. 1/128 1/256 
After 6 weekly 
transfusions 3rd March 1958 4 3 1 ? - - 	 - - 8.5 
let Course 
After 2 weekly 
transfusions 28th April 1958 3 3 3 2 1 P 	- - 12.5 
2nd Course 
2 weeks after 
end. of 2nd 26th May 1958 4 3 3 3 1 - 15 
course 
4 months after 
end of 2nd 6th Oct. 1958 3 1 7 - - - 4.5 
course 
After 4 weekly 
transfusions 3rd Nov. 1958 4 4 3 3 2 1 	- - 17 
3rd eourae 
Table 43 The titre of H antibody in the cow KZ 2053 at different stages of 
immunisation 


















J36 27 15 19 17 21 16 115 
FJ27 28 165 145 175 21 155 113 
AZ 154A 27 15 Is 135 21 1 5 1Q65 
.lZ236A 225 IFS 175 14 18 18 985 
AJF2, 23 95 14 13 IS II 	5 86 
U31  225 II 145 lOS 12 10 805 
AZIII& 185 95 12 95 17 II 775 
A3 155 8 75 8 10 8 57 
J47 115 55 7 55 8 55 43 
AFJIO 55 3 35 3 35 25 2i 
JAF2I 2 25 2 IS 2 I Ii 
The Ranking of Cells with different H Ant isera 
Table 44 
This reagent lyaed all the remaining cells which were sensitised with B7vH. 
More lysis is found in tubes I and 2 than could be explained by the 2yais 
of Cells I alone. Thus between I and I of the unsensitised Celia 2 received 
sufficient antibody from the washed, sensitised CCUB I to ]yse. 
The Effect of the Antjerun on the H Re&otin 
Cohen and Ferguson have put forward the theory that the partial hemo]ysis 
characteristic of the H reaction may be due to the presence of an inhibitor in 
the serum. They consider that this may be a non-hemolytic form of H antibody. 
On this theory, the H antisera consist of two antibodies of the same specificity, 
but differing in their hemo].ytio properties and a variation in the ratio of the 
two fractions might be expected between different sera. This would be reflected 
in the hemo]ytio scores of positive cells. It might also be expected that the 
ratio of hemolytio to non-hemo1ytio antibody would vary at different stages of 
immunisation within & single animal. The latter possibility was examined by 
testing serum samples taken from the animal NZ 205B, during and after three 
transfusion courses in which it produoed. H antibodies. Although the titre 
fluctuated (Table 13), the character of the reaction did not vary during the 
8 months the serum was collected. 
A comparison of the ranking of cells with six H antisera was carried out and 
the results given in Protocol 8 of the Appendix. Here also there is no 
indication that one serum gave a stronger reaction with H positive cells, in 
relation to ita\titre, than any other serum. One of the sera used was produced 
in a rabbit, while the other five were obtained from cattle. Two of the 
latter originated from America, another two were produced in cattle from the 
experimental herd, and the last was obtained in a series of transfusions 
carried out on a Cambridgeshire herd. Thus the origins of these sera were 




14. 196 i i i i 22 04 6il+ I 54 2916 10 0 
11 11 ii ii 11 11 11 66 4356 
12 12 12 12 12 12 12 72 5184 
X2 22,498 
Table 45 	The ooded ranking of H positive cilia with six 
different H antisera 
Serum (e,7. Fraction Present 	 Antiserum Dilutions 
Albumin 	Globulin 	1/2 114 118 1116 1/32 1164 11128 1/256 
A 
A 	QC)3 
A + oc +/3 + 
oc+f) + 
Undiluted Serum (dialysed) 
4 	5 • 4 4 4 2 - 	 - 
3442 I - - 	 - 
332 I 1 - - 	 - 
221 - - - 	 - 
4 	5• 5 • 5 5 4 2 	- 
Table 46 The hemolytic activity of eleotrophoreticafly 
fractionated B7vH serum tested in serial dilutions 
against an H positive cell. 
Cells sensitised 




1164 	11128 1 1256 	11512 
Score 
Albumin 5 5 • 4 4 4 2 I 	- 25 
Albumin .oc Globulin 4 4 4 4 3 3 1 	- 23 
Albumin *øc 	PGIobulun 4 4 4 4 3 2 2 	- 23 
Alb umin.oc.p.obuIi S 4 4 4 3 
Cells not sensitised 4 4 4 4 3 3 2 	? 24 - 5 
Table l7 The hemolytic score of an H positive oefl tested 
against serial dilutions of B7vH. The cells 
were previously sensitised with different 
fractions of the same antiserum. 
If the cells are coded and ranked according to their score for each serum 
(Table 45) an estimate of the probability of this ranking happening by chance 
can be made. 
The Chi  = 
where m = No. of cells 




. •. Chi  = 0.819m(n-1) 
= 54 for 11 degrees of freedom. 
This gives a probability of c 0.001 of this ranking happening by ohance alone. 
The fractionation of B7v11 
Since it was possible that a specific inhibitor might differ in eleotro" 
phoretic mobility from the hemolytic H antibody, the strongest H antiserum, 
B7yH, was fractionated in a cellulose column by Dr. A. E. Pierce of the Animal 
Physiology Unit, A.R.C., Babrahan, Cambridge. These fractions were tested for 
hemolytic activity with washed cells of Wh I SM and rabbit complement in the 
standard "Three Drop" test. The activity was found to be confined to the gamma 
globulin fraction of the serum, (Table 46), since only the three fractions which 
contained no gamma globulin exhibited no hemo]ytic activity. The fractionation 
produced a loss in titre of between two and three tubes, but the reaction had 
still a typically incomplete form. 
In a further experiment, aliquots of washed cells of MZ I SM were sensitised 
with four fractions of the B7YH serum for 45 minutes at 30°C. The cells were 
washed and then tested with unfractionated B7vH and rabbit complement in a 







the Score of 3 unabsorbed asra 





NZ 138A 44.3 	275 	22 94 291 293 
NZ 140A 77 	45 	31.5 153.5 231.5 224.5 
UZ 245A 92 	86 	67.5 245,5 139,5 143.5 
U 	28B 104 	90.5 	75 269.5 115.5 101.5 
Table 49 A Coaparison of Heinolytio Score with Absorbing Ability of cells 
for B7vH 
U 
100 	 200 	 360 
H ernolytic Score of Cells 
A Comparison of the Hemolytic Score and Absorbing 
Ability of H Positive Cells 
Figure 27 
I 'U 
The Effect on the H Reaction on the Amount of Antigen Available 
It has been demonstrated. that H positive cells vary in their ability to 
react with H antiserum. This difference in the percentage of cilia lysed 
may be due to variations in the amount of antigen on different cells. The 
simplest and most direct measure of the strength of the antigen is the 
amount of antibody the cell can remove. 
In the following experiment, four cells giving very different hemolytic 
scores with H antiserum, were used to compare their readtions with their 
ability to absorb antibodies from a given volume of serum. Each cell was 
used to absorb 37vH  serum in three different ratios; 1:2, 1:3 and 1:4.5, 
volumes of serum to volumes of washed, packed cells. 
The twelve serum aliquots which were recovered were tested against the 
four cells which were used in the absorptions (Table 48, Appendix). The 
total hemolytic score for each can could then be plotted against the hseio-
lytic score it removed by absorption, (Figure 27). This latter figure was 
obtained by subtracting the hemolytic score, which was produced by the 
partially absorbed serum, from that of the unabsorbed serum. The results 
in Figure 27 were obtained by pooling the figures from the three serum 
aliquots which had been absorbed by the same can and subtracted from three 
times the total hemolytic score (385) as shown in Table 49. 
Figure 27 demonstrates that the ability to absorb antibody is directly 
proportional to the hemolytic score of the oils. An "F" teat indicates that 
this correlation is highly significant. 
Sum of Deree5 pf
, 
	Mean 
Squaris Freedom Squares 
Within Pairs 	16.6 	4 	4.1 
Between Pairs 41,749 3 13,917 
Total 	J0.766 	7 	5.967 
Variance Ratio = 3,369 
It was possible that this difference in the amount of antigen was not 
due to differences in the number of antigen sites on the cell, but was an 
artefact produced by variations in the mean cell volumes, which gave different 
numbers of cells in the same packed cell volume. If the mean oell volume 
differed for the four animals concerned, the animals with the smaller cells 
would have a relatively larger surface area and therefore a greater amount 
of antigen for each volume of packed cells. Cell counts were carried out 
on these animals and the results given as the average number of cells in 
1/250 cu. mm. of a 1/2000 dilution of packed cells. 
Cells Avrage Number 
Standard  
Deviation  
MZ 158A 33.3 5.2 
MZ 140A 30.67 418 
ME 245A 44-7 6.5 
U 28B 31.8 5.0 
The Average Number of Cells in 1/250 Cu. 
mm. of a 112000 Dilution of Packed Celia 
These figures indicate that the cells of MZ 245A are signifioantiy 
smaller than the rest and that the other three cells do not differ 
significantly from each other. NZ 245A was an immature animal twelve 
months old when these measurements were taken. This could explain the 
discrepancy in the mean cell volume since Holman (1956) found that the mean 
cell volume for calves increased with age over the first two years of life. 
However, the amount of antibody removed by the cells of this animal was not 
in excess of that removed by the other cells. Thus the differences 
between these oells, in the total amount of antigen present in equal volumes 
of packed cells, were due to differences in the average amount of antigen on 
each cell and not to the differences in mean cell volume. 
Coll Score after 2.5 hS. 
Incubation score/hour 
szL*ua Boors 
(after 5.5 hours incubation) 
J15 100 40 135 
J27 38 15 80 
J28 80 32 142 
351 77 31 133 
17329 107 43 208 
71328 82 33 14$ 
31121 21 8 55 
4.AJ 	3 70 28 119 
Table 51 The Rate of Heaulysis ooapsred with the Maxim= Score of 








tO 	20 	30 	40 	50 
Rate of Himolysis(score/hour) 
Figure 28 The relationship between the maximum rate of hemolysis 
of cells and their final score with serial dilutions 
of B7vH. 
A Comparison between the Rate and Degree of I&sis of Cells 
The average amount of antigen on the surface of the cell has been shown 
to govern the amount of hemolysis produced under a given set of conditions. 
It seemed probable that the rate of the reaction might also be correlated 
with the mnximnm hemolytic score. 
For this test, eight cells with a wide range of hemolytic strengths 
were chosen. The washed matched cells were mixed with rabbit complement 
and serial dilutions of 205vH.  The tubes were incubated at 300C and 
the free hemoglobin estimated every hour in the KL oolorimeter. The 
results are given in Table 50 (Appendix). 
The maximum rate of heznolysis (Table si) was calculated as the average 
score per hour, of the cells produced by the first 2.5 hours of incubation. 
This rate was plotted against the maximum score (Figure 28) and a simple 
relationship was found to exist between the two characters. 
DETECTION - OF THEANTIBODY-ANTIGEN COMPLEX 
The above results indicate that the hemolytic test may not be the best 
method for the demonstration of the combination of H antigen with H antibody. 
A fraction of the cells resist ]rsis and may or may not bind the antibody. 
Other methods for the detection of specific oomplexes were investigated in 
an attempt to determine whether antibody could be demonstrated on the unysed 
cells and whether the amount was comparable to that found on the cells, which 
did ]yso. 
Direct AgautjMtion This test was found to be unreliable by Gleeson-
b.ite et 61.. (1950) for ox cells. 50 H positive cells were tested by this 
method, using B7vH serum, but not one gave a positive reaction. 
ComDle.ment Fixation This was found to be an unsatisfactory test since 
the hemolytio complement liberated large amounts of hemoglobin from the 
erythrocytes, which made the estimation of the amount of active complement 
remaining after fixation very difficult. It was also impossible to test 
the un2ysed cells remaining after incubation with H antibody, since they had 
already been exposed to an excess of complement. This would make arr com-
parison of the complement fixed by the cells, which survived the hemolytio 
test, and the complement fixed by the initial population of cells, a spurious 
one. 
The Antiglobulin Te st For this test, cells from MZ 169A were used since 
these were the most easily agjutinable H positive cells available. Washed 
cell aliquots were sensitised with I OOvZ diluted to 1j8 and B7vH diluted to jr 
Cells 
sensitised with 1/4 
Rabbit anti-ox globulin Dilutions it 
 
/8 	1116 	1/32 	1 /64 	/128 1 1256 
i/8.Z 5 5 	4 4 4 3 0 25 
112  4 3 	I ? 0 0 0 85 
(kfore incubation) 
112 	H 3 I 	? ? 0 0 0 5 
(afterincubation)  
Unsensitised 0 0 	0 o 0 0 0 0 
Indirect Agglutination Test using Cells sensitised with .Z and H. 
Cells which survived incubation with .P4 and Care also tested 
Table 52 
for 45 minutes at 30 0C. After the cells had been washed four times, to remove 
all traces of serum, aliquots were tested with serial dilutions of a rabbit 
antiserum against pooled ox serum. The remaining cells, which had been 
sensitised with B7v'H, were incubated with rabbit complement and after three 
hours at 300C, 69% of these cells were lysed. The remaining 31% were  resen-
aitised with B7vkI diluted to 4, washed thoroughly and tested with the rabbit 
antisera to ox serum. 
The results (Figure 52) show & alight decrease in the agglutination titre 
of the cells which survived incubation with B7vH and a marked difference 
between the titres of the cells sensitised with B7vH and the cells of the 
same RnlmRl sensitised with lOOvZ. This appears to be a definite indication 
that there is a difference in the number of antibody molecules attached to the 
cells which lyse with the H antiserum and to the cells which do not. The 
difference between the scores of the cells sensitised with anti-H and anti-Z 
illustrates the marked difference in the number of antigen sites available. 
These results are in keeping with those obtained from absorption experi-
ments with the cells from this animal using I OOvZ and 37vH. Both these 
sera have similar hemolytic titres,, however, 10.2 volumes of cells were 
required to absorb one volume of B7vH, while only 0.7 volumes were required 
to completely absorb the Z antibodies from one volume of the lOOvZ serum. 
D. Fluorescent Antibody Three antisera were conjugated with fluorescein 
isocyanat., B7vH, 96vA and a rabbit anti-ox serum. Normal ox and rabbit 
sirs were also labelled. 
Aliquots of A and H positive cells were sensitised with serial dilutions 
of labelled. B7vH and 96v1 sera for 45 minutes at 300C. The washed cells 
were eTh1!inAd. under a microscope with ultra violet light, but no fluorescence 
Was found. Even when the labelled rabbit anti-ox serum was mixed with the 
sensitised cells in a concentration which produced marked agglutination, 
no fluorescence was detected. 
This is in accordance with the results of Alexander (1958) who found 
that fluorescence could only be demonstrated on human A cells which were 
sensitised with a rabbit anti-A sartnn, even although he had available a 
human anti-A antiserum, which had the same agglutinating titre. This 
appears to be another case in which the isoimaune serum contains antibodies 
which are more efficient in producing a detectable serological reaction than 
are the antibodies produced in anote r species. 
Cohen at al. (1960) using an improved labelling technique, have reported 
the production of a labelled human anti-A serum which gaVe clear fluorescence 
with homologous cells. However, they also found that no fluorescence could 
be detected using weaker antigen systems, such as Rh (D), without the addition 
of a labelled anti-globulin serum. This increased the number of effective 
sites for labelled antibody round each erythrocyte. 
L Antibo&y LbeUed with Radio-Lo&i,ne 
Two sera were labelled with radio-iodine, B7vH and pooled ox "rum which 
acted as a control. The radio-iodine attaches itself to all types of protein 
and although the removal of the albumin out down nonspecific labelling, strict 
controls were necessary to determine the amount of radio-active iodine which 
was absorbed specifically on to the call. The H antiserum was found to 
have lost little of its titre after allowance had been made for its dilution 
on conjugation. 
To test the sensitivity of this technique, cell suspensions of different 






eU Suspension (% packed oel]a) 
NZ 133A + B7vlf 3186 	3610 	3770 	4078 
HZ 	53A - 37vH 34.74 3538 3530 4.078 
IZ 138A + P.B.S. 3850 	14.262 	3674 	3874 
Table53 Radioactive count (for 100 "as.) of was1d sell suspensions 







Ce]]. Suspension (% packed oslls 
4% 	8% 	16% 
1Z138A + B7vH 592 	662 	690 	747 
Z 53A - B7vH 583 621 729 769 
LZ 138A + P.B.S. 600 	657 	597 	740 
Table 54. Radioactive count (for 100 seas.) of Coll suspensions washed 
in pooled bovine serum (P.B.S.) before incubation with 1131 
labelled sera 
control serum, both of which were diluted by half. A strong H positive and 
an H negative cell were used and in each case 0.2 mis. of the cell suspension 
were incubated for 45 minutes at 37 °C with an equal volume of the diluted 
serum. The cell suspensions were washed four times, transferred to plan-
ob.ttes, dried and their radio-active count determined for 100 seconds (Table 
53). No difference was found between the counts obtained for the test and 
for that obtained for the controls. 
To reduce the high non-specific absorption of labelled protein the test 
was repeated and the cells pretreated with unlabelled, pooled bovine serum 
(P.B.S.) for 30 minutes at 370C before incubation with the labelled sera. 
The cells were also wshecI in P.B.S. to remove unabsorbed labelled protein 
after the incubation. In the final wash the cells were left suspended in 
the P.B.S. for 30 minutes before they were centrifuged and the P.B.S. removed. 
From the results shown in Table 54 it is clear, that no difference could be 
detected between the test and the controls, although the actual counts were 
reduced by a factor of six. 
It is possible from this negative result to estimate the maximum number 
of H antigen sites on the red cell. 
An excess of 0.1,u gm. of iodine Labelled bovine gamma globulin will 
give a significantly higher count than the controls. Taking the molecular 
weight of the protein as 10 and using Avogadro' a number 6 x 10 23 , the number 
of protein molecules per gram = 6 x l018.  However, an excess of 0.1,u gm. 
would give a significant result. This is equal to 6 x 10 11  antibody 
molecules. 
The number of erythrocytes in 0.2 mis. of a 169 suspension of packed 
g cells = 2.6 x 10. Thus the average number of antibody molecules which must 
be absorbed specifically on to each cell to produce a significant radio- 
1011 
aotive count = 6 	 2300. 
.v X iv 
Therefore there are fewer than 2,300  antigen sites on even a strong H 
positive cell. 
From the results of the above sections the hemolytic teat appears to 
be by fax' the most sensitive method for the detection of Antibody-Antigen 
complexes produced by the N system. 
Antiserum Dilutions (1APK8vu) Score Cells 
1A. 1/8 06 1/32 1/6 	1/128 	1/256 
7 54 5' 5' 5' 5' 3 	- 	- 23 
P73 2 1 - - - 3.5 
J39 5' 4. 'P - - 	- 	- 9.5 
352 4 3 j - - 8 
J53 5' 5' 2 'P - 	- 	- 12.3 
J36 5' 2 'P - - 	- 73 
J59 51 5' 2 1 - - 	- 13 
J66 5' 5' 3 1 - 	- - 14. 
J69 5' 5' 1 'P - - 	- 11.5 
J126 5' 5' 4 3 2 
.AJ733 5' 51 4. 2 'P 	- 	- 16.3 
JA726 2 1 'P - - - - 3.5 
C 	2 2 1 'P - - 	- 	- 3.5 
IPM 50 5' 5' 4 - - - 11.5 
527 3 3 1 - 	- 	- 7.5 
Table 55 Reaction of M positive cells tested against serial dilutions of 
an N antiserum in a "Three Drop" test 
PURTHER EXMPLES OF ANTISERA PRODtE ING INCOMPLETE HOLT$I 
(i) The IL Reaction 
The IL antigen is controlled by genes which are found at a different locus 
from the other red cell antigens of cattle and forms an independent system. 
The incomplete reaction of the K antiserum with positive ox oel].s is well 
documented (Sorensen 1958 Rendel 1958A). 
The antigen has not a high frequency in the experimental herds which 
contain Ayrshire, Priesiaxt Jersey and Shorthorn blood. 200 animals have 
been typed for this system and only 15 were positive. When these results 
are arranged to show the breeds of cattle tested, the K antigen is found to 
be mob rarer in Ayrshirss than in the other three breeds. 
IL+ve Animals 	-ve Animals 
Shorthorn 	2 	 7 
Ayrshire 0 44 
Priesian 	3 	 28 
Jersey 7 25 









Table 55 shows the hemolysis produced by the K positive cells when sub-
jected to a "Three Drop" test with serial dilutiorm of an K antiserum. The 
reaction for all the cells *as typically incomplete. It was also noted that 
there was a wide range of hemolytic scores giving a distribution similar to 
that for the strength of cells for the H antigen. However the sample of 
positive cells was too small to be certain of this point. 
(2) The 13 Reaction 
This reagent has not received international recognition. It gave inoom- 
plete hemolysis with positive cells and differed in specificity from all other 
Cell Temperature 
38150 Antiserum Dilution 
Score 
1/4 1/8 06 1/32 1/64 1/128 1/256 1/512 1/1024 
73 65A 18° C 5'5'5' 505 5 4 	1 	- 35 
2649 18° C 2 3 3 	3 2 1 1 	1 	- 16 
73 65A 300c 5155t • 4 4. 3 	i 32 
2649 30° C 2 3 3 	2 2 2 1 	1 	- 16 
Table 56 A Comparison of the 38150 Antibody- reaction with positive cells 
using the "Three Drop" teat at two temperatures 
I', 
known reagents. The antibody was discovered in the same animal which pro-
duced a high titre of H antibodies (37,11). 
However this reagent, although reacting with 7% of the bloods from the 
experimental herds, did not have a high enough titre at 1/32 to warrant 
further investigation. The "Three Drop" test, the most sensitive if not the 
most accurate method for detecting lysis, did not reveal a cell, which gave 
a score greater than 3 (about 50%) even in the highest concentrations of the 
antiserum. 
(3) The 380 Reaction 
This reagent is not recognised internationally. This is probably due 
to the rarity of the antigen. Over 400 animals of the experimental herds 
were tested with this reagent and of these only three proved to be positive. 
As two of these were known to have Shorthorn blood, 20 Shorthorn bulls are 
was also 
tested and one of those/found to be positive. In addition the antigen was 
found on the red cells of one Friesian and two Aberdeen-Angus cattle belong-
ing to other herds. 
The reaction with positive cells was typically incomplete, was not 
temperature sensitive, and appeared to behave in a similar manner to that of 
the 11 antigen. The form of the reaction is shown in Table 56 for two of 
the positive cells. 
The 15v3 Reaction 
This reagent has not, as yet been found to correspond to any other which 
has been internationally recognised. The antiserum was found, not only to 
give incomplete hemolysis, but also a marked zoning effect, when used in the 
standard "Three Drop" test at room temperature. A panel of tine positive 
cells was tested at different temperatures with this reagent (Table 57, Appendix). 
Incubated with 
Rabbit Cople*ent 
at 18" C 
Incubated with 
Rabbit Cjpls.nt 
at 35 	C 
Score of Cells 
Sensitised wits 0 28 
Antibody at 18 	C 
Soor. of Cells 
Sensitised wits 1 33 
Antibody at 35 	C 
Score of Cells 
wind with 0 34 
Antibody 
.jLb 	The effect of temperature on the binding of antibody and complement 
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Temperature (c) 
Figure 29 The effect of temperature on the hemolytic score 











As the temperature was inGreed nth the nate 1tic reaction t.nd tho 
zoning effect were lost. The graph (Figure 29) shows the remarkable 
increase in the total score for the nine cells as the temperature was raised 
from 200C to 250C. In this case the temperature was the critical factor in 
the production of incomplete hemolysis. 
It was of interest to discover which part of the hemolytic reaction was 
temperature sensitive. For this experiment, three cells giving different 
degrees of lysis were sensitised with 15v3 at 180C and 350C. The washed, 
sensitized cells were then split into aliquots, one of which was incubated 
with rabbit complement at 18 °C and the other at 350C. Cells were also 
mixed with antiserum and complement at both temperatures (Table 58, Appendix). 
The summary of these results (Table 59) shows clearly that the antibody was 
bound at the lower temperature, but the higher temperature was essential for 
the binding of complement on to the antigen-antibody complex. 
Discussion on the Serolo gy of Ll and the InQomplete Hemolytic Reaction 
Although the incomplete hemolysis produced by the H antibody was reported 
twenty years ago (Ferguson 1941) almost nothing has been published about this 
problem. The attitude of many blood group workers can be summarised in the 
words of Bouw (j958) "In the A-H system, the blood factor H has been found to 
be very unsatisfactory from a serological point of view. In most laboratories 
and also in ours the factor has therefore been disregarded". It is to be 
hoped that this view can be modified with increased knowledge of the reaction,, 
particularly since it has been shown that several other blood group factors 
exhibit this phenomenon. 
Four of these factors are described briefly in this work. Three are 
not, as yet, internationally recognised. The fourth, the it antigen was 
described by Ferguson et 1. (1 %2) and forms a separate system in cattle blood 
groups (Rmndel 195U). The incomplete hemolytio reaction of cells with it 
antiserum has been noted by many authorities (Sorensen 1958, Rendel 1958A). 
This form of the hemolytic reaction is therefore of more general occur-
rence than was at first supposed. It is possible also that earlier workers 
discarded antisera showing this type of reaction, considering that they were 
of little use in practical blood typing. If this is correct many more sirs 
of this type will be described in future work. Such speculation emphasizes 
the impbrtanoe of discovering the mechanism which governs the H antibody- 
antigen reaction. 
The results demonstrate, that for a given set of conditions, the range 
of the H reactions for different cells is very great and can approach 100% 
hemolysia on the one hand and 0% on the other. Within the limitations of 
the test it is clear that the variation is continuous and there is not a 
complete dichotomy between positive and re gativ. cells. This is of parti 
I I, 
oular importance in the routine testing of cattle, since it would appear to 
be possible to falsely type animals, which give very weak reactions with 
the H anti serum. However the results obtained from monosygous twins and 
the comparisons of the scores of heterozygous parents and their offspring 
have shown that the strength of the H antigen on the red cell is genetically 
controlled and the number of factors concerned is probably quit. large. 
Thus in parentage tea* where one parent in weakly positive and the 
other negative, the strength of the B antigen on the calf will be of the same 
order as that of the positive parent. Therefore the H antigens on the red 
calls of the parent and calf have an equal chance of being detected or 
missed and in either case the decision on the parentage problem would be 
unaffected. The strength of the H antigen may in time be used in the 
detection of a small percentage of disygous twins and it may also have an 
application in parentage tests. 
3 is the only other antigen on ox red cells which has been intensively 
studied from a serological basis. Here also the strength of the antigen 
shows no discontinuity and the Inheritance mot be controlled by several 
factors (Jamieson,, p.rsona]. communication). Other blood group antigens 
which are split into two or three subtypes may also be found to have a 
continuous distribution of their strength, when better serological techniques 
are used in their investigation. The histogram of the scores of A 1 and £2 
cells gives no clear distinction between the two strength classes and illus-
trates this point. 
The possible reasons for the phenomenon of incomplete lysis in H have 
been studied in detail and several possibilities can be discounted immediately. 
Red cell mosaicism cannot account for the reactions of such a large number of 
I..., 
single born animals. Nor could it be expected that all H positive 1nt4mA15 
would have cells differing in their H genotype particularly in the Jersey 
breed where about 90% of the Rnlm*15 are H positive. 
The incomplete reaction might be thm to a lack of antibody available in 
the serum. This hypothesis, in its simplest form can be shown to be unten-
able, since the titration of a strong anti-H serum has shown that, in its 
higher concentrations the antiserum is in excess for the volume of cells 
used but will still not produce complete lysia. 
A non-specific agent in the serum might obstruct hemolysis. However, 
this was found not to be a property of H antisera since the sensitised cells 
can be washed free of the residual serum without altering the character of 
the reaction. 
The character of the red cell was also investigated although it is 
difficult to imagine some factor which would have such a powerful influence 
on only one antigen on the red cell surface. The age of the cell, enzymic 
digestion and higher protein concentrations in the test suspensions were 
found to have no effect on the character of the H reaction. There was also 
no correlation between the osmotia fragilities of the cells, their agglutina-
tion titrea and the strength of the H reactions. 
Experiments which demonstrated the effect on the H system of time, 
temperature and the type of complement added, have proved that the test is 
very sensitive to those conditions. This is characteristic of a system in 
which one of the reactants is present in suboptimsi. amounts • Cohen and 
Ferguson (1953) came to the same conclusion on the basis of a comparison of 
the velocity of the H reaction and those obtained for other antisera when 
suboptimal amounts of the antibody were added to a suspension of positive 
cells. 
1 1 .t. 
Allowing the reaction to proceed to completion and with a given species 
of complement it is possible to find, the optimum temperature for the reaction. 
This does not produce complete lysis but is the maximum amount obtainable in 
the presence of excess antibody and an amount of complement which is limited 
by its rate of degradation. 
In choosing the best species of complement for this test it was neoesa-
ary to find a normal serum, which was relatively stable and free from species 
antibodies, as well as, having a high hemolytie titre. Guinea-pig serum 
was found to be unsuitable due to its high titre of antibodies to ox red cells. 
It also had a lower hemolytic titre with the H system than rabbit serum. 
This was probably due to a higher optimum working temperature which caused 
the complement to degrade quickly and out short the H reaction. 
Although in the H system the temperature is not the controlling factor 
in the production of the phenomenon of partial lysis, this can be shown to be 
the case for another reagent, 15vB. Here complete lysis could be produced 
if the test was incubated at a temperature above 28 °C. Further examination 
of the reaction proved that the antibody was absorbed by the cells almost as 
well at 18°C as at 37°C. However at 18°C these sensitised cells were not 
attacked by the rabbit complement. Since this complement was known to produce 
hemolysis in other systems at this temperature, the antigen-antibody complex 
must be of such a form that it can only react with complement at high tempera-
tures. Similar phenomena have been found in human blood groups and many 
antisera are known which agglutinate cells at 18 °C or 370C, but not both. 
These results demonstrate that the incomplete hemolysis of the H system 
is not due to a non-specific agent or effect. The antigen, the antibody or 
the complex must therefore be responsible for the incomplete hemolysia. 
Suboptimal amounts of antigen or antibody present the simplest explanation 
for this phenomenon. However the only certain method of detecting either 
antigen or antibody is by using the other, so an independent check is 
impossible. 
If the antibody is responsible it is necessary to include in the hypothe-
aLa, a specific nonhemolytie form of antibody in the H antiserum. This form 
will compete with the hemolytlo antibody for antigen sites on the red cell. 
The competition would oocur at all concentrations of the antiserum and would 
explain the incomplete hemolysis produced in the presence cC an excess of 
antibody. This theory has been suggested by Cohen and Ferguson (1 953) to 
account for the low velocity of hemolysis which they found to be character-
istic of the H system. 
The alternative theory envisages suboptimal amounts of antigen on the 
red cells. Here the amount of antigen on each cell is close to the thres-
hold value required for hemolysis of the cell. It is also necessary to 
suppose that the amount of antigen on each eel], varies around the mean value 
for the animal. Thus some of the cells would be incapable of lysis irres-
pective of the amount of antibody and complement added. 
These hypotheses may be tested by an investigation into the number of 
antigen sites on the red cells. If there is a competition between two 
different forms of antibody no difference in the number of antigen sites on 
each cell would be expected between the cells, which fail to lyse, and the 
original population. If the amount is critical, the cells, which d.o not 
lyse, would be expested to have less antigen, than the original population. 
Although antibody is the only certain method of detecting antigen, 
there are several unrelated methods for the detection of the antibody-antigen 
complex. Of these only the indirect agglutination test approached the hemotic 
test in sensitivity. The direct agglutination and complement fixation tests 
were impossible to apply to this system. 
The methods using labelled antibody proved to be too crude to give positive 
results. However, it was possible to estimate the number of H antigen sites 
on strongly positive calls as not greater than 2,300.  Estimates of the 
number of D antigen sites on human cells have been made by Bourenell at *1. 
(1953) and Kasouredis (1959) using antisera labelled with radio-active iodine. 
Bouraneil and his co-workers arrived at a figure of 5,500 while the results of 
Iasoured.ia suggested half this number. This discrepancy might be due to the 
use of fractionated antiserum by lasouredia. 
Further work by Masouredis (1960) on the uptake of labelled antibody by 
Rh (D) positive cells revealed a bimodal distribution of the cells tested. 
Family studies showed that the cells with the lower antigen content represented 
the beterozygotes. The homosygotes appeared to have 1.6 times as much antigen. 
The only other estimation of the number of antigen sites on a red call was 
also carried out by Bouranell at al. (1953). They found that there were about 
half a million 1'i-Bwnel antigen sites on an ox red cell. 
All these estimations are greater than the maximum number possible for the 
U antigen which makes it unlikely that, further refinements in technique will 
produce a positive result for the H antigen-antibody system. It was certainly 
impossible to compare the number of antigen sites on the H positive cells which 
survived incubation with H antiserum and the number on the cells of the original 
population, as was originally hoped.. 
However the antiglobulin test was capable of giving consistent results 
and detected some difference in the amount of globulin adhering to the cells 
which resisted lvsis compared with that absorbed on to the original population 
of cells. 
A high rate of dissociation of the antibody from the red cell has been 
demonstrated, and this result is supported by the work of Bowman at a).. 
(1951). Thqrfound high rates of dissociation for rabbit antibodies 
absorbed on sheep red. cells. Their investigations have also shown that 
the antibody could dissociate from the antigen before or after complement 
had been fixed. 
Agglutinins have been found to behave in a similar manner. Xollison 
and Paterson (191+9) observed the transfer of Rh antibody from sensitised 
Rh positive cells to normal Rh positive cells. A suspension of sensitised 
and normal cells which was partially agglutinated by antiglobulin serum 
became completely agglutinated after a period of incubation. Evans at a]. 
(1960) enlarged this investigation and found that the amount of anti-]) anti-
body transferred from sensitised to normsl cells in a given period of time 
was directly related to the concentration of antibody to which the donor 
cells were originally  exposed.. 
Under optimum conditions for the system and in the presence of excess 
antibody and complement, this form of dissociation should make it possible 
for all the H positive cells to lyse, as in all chemical reactions in which 
one of the products is removed. This is a very difficult point to determine 
experimentally. Cell populations which gave a weak reaction with H antisera, 
failed to lyse completely after repeated incubations with fresh antibody and 
complement. However the control cells, which were not exposed to antibody, 
were found to lyse after prolonged incubation with rabbit complement, making 
it impossible to determine in an absolute manner, whether the residual cells 
were capable of further lysis. 
Zinneisan et a].. (1959) have demonstrated the presence of complete and 
incomp'ete agglutinins to brucefla abortua in some human asra. Here the 
blocking antibody was found to be predominantly in the (3  globulin fraction 
and was also found to be produced at a later stage of infection compared 
with the agglutinins. 
Evidence for the existence of a blocking antibody in the H system has 
been sought. A strong K antiserum was fractionated eleotrophoretically, 
but no trace of a blocking antibody was found, and neither the q globulin 
fraction nor any other fraction of the antiserum was found to produce a 
blocking effect on the hemolysis of H positive cells. 
Serum samples taken from a cow, during the period of its antibody 
production, were examined, but did not show any detectable difference in 
the degree of lysis they produced. This would have appeared, if the 
supposed ratio of hemolytic to non-hemolytic antibody had varied during or 
after the period of transfusion. 
For these reasons it seems unlikely that this System is analogous to 
the incomplete agglutinins found in the human blood grouping field. This 
point was emphasised by the results of the comparison of six H antisera, 
one of which was produced in a rabbit. Very close agreement in the ranking 
Of H positive cells was found for the different s.ra and the strength of the 
hemolysis produced appeared to be a function of the titre rather than the 
ratio of two competing antibodies. 
The production of isoimmune antibodies has been shown by many cattle 
blood group workers (raentt 1959, Rendel 1958k, Sorensen 1958) to be most 
unpredictable. Only 30% to 50 of the cattle transfused will produce 
demonstrable antibodies. Uniformity in antibody production is not found 
even in monosygous pairs which produce the same antibodies, but may vary in 
their total antibody production to such an extent that, in some transfusion 
courses only one member of a pair Will produce demonstrable quantities of 
antibodies. It seems therefore much more likely that only one form of 
antibody has been produced on those six separate occasions. 
Thus the theory which envisages a lack of antigen as the principal 
factor governing this phenomenon of incomplete hemolysia appears to fit the 
experimental facts to a greater extent than any other, although it is princi-
pally the product of accumulative negative evidence. 
SUMMARY 
(i) The Inheritance of the Antigens of the A System 
Simple dominance was shown to govern the inheritanceof the antigens of 
the A system of cattle red cells. The strength of the H antigen was also 
found to be under strict genetic control. 
Associations between the A t  D and H antigens were demonstrated and 
linkage between A and H was observed in a bull family. 
Frequencies of the genes producing the antigens of the A system were 
estimated for five breeds of cattle and the breed heterogeneity was shown to 
be very high. 
Model allelic series were produced and tested for three breeds of cattle. 
Gene Dosage 
The difference in the amount of antigen produced by A homosygotes and 
heterosygotes is very marked. There is a small but statistically significant 
gene dosage effect for the H antigen and none for the D antigen. 
The Subtypes of the A Antigen 
A positive cells can be divided into two major strength classes. The 
serology of these subtypes has been investigated, and a quantitative rather 
than a qualitative difference has been found to exist between them. 
(i) Tb-o Serology of the H Antigen 
The incomplete bemolysis characteristic of the H reaction was  found to 
be independent of the physical conditions of the test and the physical 
characteristics of the red cell. However, temperature and complement were 
shown to influence the amount of hemolysia produced. 
The six samples of H antisera were collected and gay, the same type and 
strength of reaction with a panel of H positive cells. 
I I- I 
All hemolytic activity in the H antiserum was confined, to the gamma  
globulin fraction and no heaolytio blocking effect was found in any 
fraction of the antiserum. 
Complete heaolysis could only be produced in a suspension of H posi-
tive cells by renewal of complement and antiserum, if the cells normally 
had a strong H 'reaction. The strength and also the rate of the H reaction 
was found to be dependent on the amount of antigen on the cells, as judged 
by the amount of antibody which they could specifically absorb. Anti-
globulin tests indicated that there were fewer antigen sites on the cells 
which did not iyae than on the original population of cells. 
A hypothesis was put forward, that the incomplete hemolytic reaction 
of the if system is due to auboptimal amounts of the H antigen on a propor-
tion of if positive cells. 
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Appendix I 
Tables 21 0  22, 31 9  
32 9  33, 35, 
36, 40o  48, 
50, 57, 58 
Time Cells 
B7H Antiserum Dilution Total 
Score  
1/2 	1/4 0 	1/16 	1/32 1/64 1/123 1/256 
jhour MZ138 A 7 7 - - - - 	 - - 27 B 7 6 
2 	' 
A 23 20 12 4. - - 	 - 6 
B 29 19 9 - - - 	 - - 









- 	 - 
- 	 - 
- 3 15 
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- 	 - 
- 	 - 
- 
- 
rne 256  
6ho 
'U' 
A 51 46 32 12 1 
- 282 B 55 43 29 9 5 - 	 - - 


















Table 21 The rate of the reaction of the cells from a monozygous pair of 
H positive animals with serial dilutions of B7vH  serum. 
47vW Antiserum Dilution Average 
Time Cells Score 
1/4. i/O 1/16 1/32 114- 1/128 1/256 1/512 
hour MZ138A MZ 138 B 100 100 100 100 46 - 442 
Ihour A 
B 100 100 






3 100 100 100 
















- 6 602 
5 hours 
A 




11 	- 608 
6 hours A 
B 100 100 100 100 
100 100 
16 	- 18 616 






Tab).e_22 The rate of the reaction of the cells of a monozyous pair of 
cells with serial dilutions of 47vW  serum 
Cells 
B7vkI Antiserum Dilution Scare 
1/8 1/16 1/32 1/64 1/1281/2%1/512 C'  
MZ 138A 72 67 62 59 47 32 15 	- 354 
MZ 138B 77 70 58 56 46 34 17 	- 358 
MZ 169A 37 35 35 35 23 12 6 	- 183 
MZ 169B 36 34 33 37 23 14 7 	- 139 
MZ 245k 34 29 28 23 20 12 8 	- 154 
MZ 245B 35 33 27 25 21 13 8 	- 12 
MZ II1B 47 42 42 34 29 19 7 	- 220 
U 	23B 28 28 25 22 17 13 5 	- 138 
Table 31 A Comparison of the Amount of Hemo2ysis produced by H positive 
Cells with Serial Dilutions of B7vH Serum. 
Rabbit Antiserum Dilution 
Cells Score --..- 
1/10 - 1/20 i/40 1/60 	i/So 	1/160 	1/320  
ILZI38A 5 4 1 1 	- 	- 	 - 11 
MZ1383 5 if 1 9 	- 	- 	 - 10. 
MZ169A 5 5 5 5 	4 	2 	- 26 
uz169B 5 5 5 4. 	4 	1 24 
MZ24.5A 5 4 2 9 	- 	 - 	 - 10.5 
MZ245B 5 4 2 1 	- 	 - 	 - 11 
- 	 - 
MZIIIB 5 5 2 1 	- 	 - 	 - 13 
U28B 5 5 3 1 	- 	 - 	 -- 14 
Tab'e 32 A Comparison of the Agglutination of H Positive Cells with 




0.70 0.65 0.625 0.60 0.55 0.50 0.1 
UZ i 3 0 2 6 14 40 89 100 0.54.3 % 
MZ 136B 0 2 4 15 4.3 91 100 0.54.3 
MZ 169A 3 22 40 68 95 100 100 0.617 7 
MZ 169B 4 20 35 69 96 100 100 0.617 
KZ 2115A 8 25 62 92 100 100 100 0.639 
MZ 245B 8 49 71 94 99 100 100 0.639 % 
NZ IIIB 0 2 9 27 88 97 100 0.581 % 
U 	28B 5 30 54 95 100 100 100 0.633 % 
Table 33 	A comparison of the osmotic fragility of H positive 
cells. The fragilities are estimated from the 
]yais produoed by krpotonic salt solutions and 
given as the Percentage Salt Solution which will 
produce 5(rl,, ].ysis of the cell suspension. 
SERIES I SERIES II 
Temp- B7vH Antiserum Dilution B7vH Antiserum Dilution mean 
erature Score Score 
- 1/3 1/16 1/32 1/64 1/128 1/256 1/512 C' i/o 1/16 1/32 1/64 1/128 1/2% 1/512 C4 
57 48 34 18 	7 4. - 	 - 64 56 42 20 12 7 3- 
D CC 169 201 
574.93.31512 3 - 	 - 64.56 3924 10 4 1- 
56 50 44 A. 	15 6 - 	 - 64. 57 4.9 35 22 11 2 
10°C 205 238 
56 52 47 29 15 6 - 	 - 64.564834 20 11 3- 
55 53 50 44 	27 14. 2- 65  45 30 15 5- 
20°C 24.7 270 
5754.504227 14 4-  6355% 4.5 29 16 6- 
52 50 47 42 	37 20 7- 64.585349 38 22 10- 
30°C 259 296 
53 49 4.5 48 38 18 8 	
- 
63 57 55 4.9 38 22 12 	- 
49 45 50 48 	37 23 11 	- 64 56 55 51 42 24 11 	- 
4.0°C 265 307 
49 4.9 49 49 	38 21 11 	- 64. 58 55 48 44 26 15 	- 
Table 35 Variation of the Hemo2ytio Score of H Positive Cells produced by changes in 
Temperature of the Sensitising Reaction. 
Temp-  
Time i7vH Antiserum Dilution Mean 
erature Hours Score 1/8 	i/i6 	1/32 	16 	1/128 	1/2 	1/2 
10 11 12 11 7 1 
- 11 ii 14 ii 1. 2 
44' 
20 20 25 21 14. 10 - 	- 106 
250C 
20 19 .19 19 13  
1 28 	28 	35 	25 	22 	15 	8 155 28 25 33 24 20 10 8 
38 32 39 31 27 20 12 	- 176 12 26 30 26 19 11 9 - 
32 28 34. 27 20 10 
- 	: 
- 
o 30 30 - g_28 '18 10 3 _____ 
27.5°C 4 
30 32 30 32 20 14 
38 26 26 15 0 	- 
6 38 39 36 25 19 - 4. 195 38 38 34.37 23 16 2 	- 
2 4. 20 14. 6 - 111 23 23 24 19 13 6 2 _____ 
24. 26 2 2 17 9 - 
130 - 25 25 28 4-- .Q_11 2 	: 
31 35 32 30 23 1 
3: 165 
30 Oc 30 30 32 28 22 
_j5 	2 _______ 40 41 42 35 28 20 9 2W  J0 38 38 4.0 25 - - 
6 40 41 4.1 36 30 12 2 	- 204 40 40 39 37 26 16 3 
22 20 20 18 14 7 
_20 20 17 17 15 6 
24 26 23 22 17 6 - 1 
- 
122 26 27 22 17 9 - 
32.5°C 30 -1— 32 23 ia 14 2 
34 32 34. 29 22 4. 
3 33 37 33 31 29 18 4 	- 189 44.38 38 35 25 106 - __ 
20 22 21 19 12 8 - 	
- 107 22 19 12 3 - 






















13 3: 2 169 
Table 36 Variation in the Hemolytic Score of Cells Sensitized with 





B7vH Antiserum dilution 
Score 
1/8 i/16 	1/2 1/64 1/128 	1/256 	1/512 	1/1024 1/2048 
1/1 81 	76 72 72 	62 48 35 15 6 467 
1/2 84.83 80 72 	54. 23 15 7 3 421 
1/4. 65 	68 67 56 	39 17 10 3 2 327 
1/6 5049 504.1 26 9 6 4 4 239 
06 17 	17 22 12 	7 6 7 3 1 92 
1/32 3 	5 5 1 	3 4. 2 1 1 25 
1/6 2 	1 2 2 	5 1 1 1 1 16 
Score 302 299 298 256 	196 108 76 34 18 1587 
Table AD The Percentage Hemolysis produced by H positive Cells 
with Serial Dilutions of B7vH  and Complement. 
Celia ption 
Ratio  
B7vH absorbed with 
MZ 138L 
B7vH absorbed with 
MZ 14.OA 
B7vff absorbed with 
&Z 2l.5A 
B7vfl absorbed with 










1Z1331 53 4.3 2 	1 	- - 5 1 5' 5' 5'5' 4 	2 ? 5'51 5' 5' 5' 5' 4.2 5'5'5'5'5' 54. 	3 124.5 
MZ14QA 44 3 2 	1 	? 	 - - 
2 
4 5 	5 	5'3 	I 	? - 5'5'5' 5' 4. 	3 2 1 5 1 5'5'5'5' 2 1 	- 96 
MZ245A 
tJ28B 
21 	11 	? 	I 	-- 22 3 	321 	-- 223 	2 	2 	2 	114.4.4.33 21- 55 
ii 	f? 	? 	- 	-- 11 	231 	f 	-- 222 	21 	1 ??33333 21 	- 42 
MZ i 38A 
3 
4.3 32 1 	- 	-- 5'5'4. 2? 	1 	-- 55'5'5'5'4. 2-5'5'5'5'4.'32 1 91 
MZ14iL 22 	21 	1 	- 	 --44.3 2- - -- 5'5'5'4. 	4 	2 	f-5'5'5'5'4 21 	- 74 
£Z245 11? 	- ---32311---233322 1-44.43321 - 50 




5'4 1? - - -- 5'4 3 2? - -- 5I55I 5'4. 2 --5'5'5'5'4.  2? 	- fl 
221? 	----3221?--- 4.5'432? 	--5'5 14.431-- 54.. 
tZ2L1.51P 21?? 	----21??----4.4.321f --4.4.331?-- 38. 
U 	28 1-- 	----211?----3211?? --33221- --  25. 
Total Score 94 153.5 2115.5 269,5 
Table i8 Absorbed B7vR Sex mi Aliquots tested back against H positive Absorbing Celia. 
Cell Readiag 
Antiserum 
Dilution (205 vif) Score Cell Readine 
Antiserum 
Dilution (205 ',n) 
 4i/8 1/16 iA 
Score 
14 1/8 1/16 1/32 
J 15 
1.513z'. 19 13 8 - 40 
J 28 
1.5 hr. 20 14. 6 40 
12.5 hr. 36 	30 	19 	15 10O 2.5 hr. 33 	27 15 	5 30 
3.5 hr. 44 40 30 	20 132 3.5 hr. 41 	36 	24 11 112 
4.5 hr. 5j4536_26158 4..5 hr. 44 4135_20140 
5.5 hr. 54 48 	38 27 167  5.5 hr. 47 43 32 	18 142 
J 27 
1.5 hr. 9 7 1 - 17 
J 51 
1.3 hr. 21 15 8 - 44 
2.5 hr. 15 	13 	8 	2 38 2.5 hr. 29 	23 	16 77 
3.5 hr. 20 	16 11 4 51 3.5 hr. 35 	30 	22 	14 101 
4.5 hr. 23 	22 	17 	9 71 4.5 hr. 51 	36 	29 	17 133 
5.3hz. 2724. 	1711 79 5.3hr. 42 	38 	33 20133 
.1F 29 
.5 hr. 28 16 7 - 51 
J.AF2I 
1 .5 hr. 7 6 3 - 16 
2.5 hr. 43 	37 	18 	7 107 2.5 hr 12 	6 	3 	- 21 
3.5 hr. 60 	51 3l 	16 164. 3.3 hr. 15 	9 	7 4 34 
.5 hr. 59 	57 	41 	20 177 4.5 hr. 18 	15 	12 	7 52 
5.5 hr. 67 64 	4$ 	28 203 5.5 hr. 20 	13 	13 7 55 
28 
-5 hr- 20 13 7 - 40 
4AJ 3 
1 
1.5 hr. 20 13 7 - 40 
2.5 hr. 31 	27 	15 	9 82 2.5 hr. 27 	22 	12 	9 70 
3.5 hr. 44  40 23 9 116 3.5 hr. 36 	33 	22 13 
4.5 hr. 47 44 	32 15 138 4.5 hr. 36 	35 	22 	17 110 
5.5 hr. 48 44 	36 	21 1 	149 5.5 liz'. 1  38 	33 	27 	19 1 	119 
Table 50 The Increase in Percentage Hemolysis with Time for H 





Antiserum Dilution (15vB) Hemolytic Antiserum Dilution (15v-B)  Hemolytic 
°' 1/4 1/8 1/16 1/32  1/64 1/128 1/256 /4. 0 1/16 1/32  1/64 1/128 1/256 
Z111B5 55 5 5 - 	 - 25 555 5 5' - 	 - 25 
MZ207A5 55 5 5 2 	- 27 555 5 5 5' 	- 30 
1Z224.L5 55 5 5 - 	 - 25 5515w 5'5' - 	 - 25 
1Z238A5 55 5 5 1 	- 26 55'3 5'S' 5' 	- 30 
Z239A5 55 5 5 - 25 555 5 5 - 	 - 25 
11Z39B5 55 5 5 5' 30 555 5 5 5 	4- 34. 
HZ 46A 555 5 5 4. 	- 29 555 5 5' 1 	- 26 
A 3 555 5 5 5' 	- 30 555 5 5 3 	- 28 





Table 57 A Hetnolytlo Test using Positive Cells and 15vB Antiserum run at Different Temperatures 
can 
200 C 1 	22.50 C 25°  C 
kntizerm Dilution (15vB) Antta.xiza Dilution (l5vB) 
Score 1/1. 	1/8 	1/16 	1/32 	1/64 	1/128 Score 1/4 	1/8 	1/16 	1/32 	1/64 	1/128 Soore 
Z111 0 - 	3 - - 	- 	- 3 5 5 4 5' 1 	- 20 
1Z 207A 0 - 	5' 5' 1 	 - 11 5 5 5' 5' 5' 	- 25 
IM 224A 0 - 	- - - 	- 	- 0 5' 5 5' 5' 5' 	- 23 
KZ 238A 0 1 3 2 	- 	- 6 5 5 5 5 5 25 
NZ 23.9A 0 - 1 2 	- 	- 3 5 5'5' 4 3 	- 22 
IM 39B 0 - 	- - - 	- 	- 0 5 5 5' 5' 5' 	- 25 
NZ 46& 0 2 	5 2 1 	 - 10 5 5 5 5 5 	- 25 
A 3 0 - - - 	- 	- 0 5 5 5' 5' 4 	- 24 





Table 57 A 96o1ytio Teat using Positive Celia and 15iB Antiserum rm at Diif.rent Tp.raturea 
(oorttd.) 
S.uaitie.d at 18° C S.naitieed at 350  c c.u. mized with 15y 
with l5vB Dilution* with 15w) DUut±oiie Dilutioia col 41 
*2 31-2 4 	327 'a Tiff -239 31-2 
KZ 239A 
vo co- 
- 	- 	- - - 	- - 	- 	- - 	- - 	- - - - - 	- - 	- 
in 50 
HZ 46A I 	a 	- 	 - 3 	a 	 a 	a 	a 	a a a a a S 	 e 	a 	a 
*Z 239&5531- - 5555'41 - - 5555'5'1 
IM 50 55 	55'5' 	3 	a 	- 55 	555 	55' 	2 5555 	5 	5 	5' 	3 
14 40 
HZ 46,555555 5135555555 255535554 
Table 58 The Ztfsot at T..psratur. and 3.naiti.atioa on tb. 15w)  Reaction 
RC' a Rabbit Ccmpleasnt 
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